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NATURE OF THE INVESTIGATION 
Many IndlvlduPle and groups ore concerned with the alloca­
tion of resources in agriculture. Decisions which affect the 
allocetion of these resources can be improved when the returns 
to agricultural resources under alternative conditions are 
Ijjiown. Yet, it may be difficult to provide satisfactory esti­
mates of these returns, especially when prices and physical 
production responses are continually changing over time. 
This study concerns itself with the problem of adopting one 
technique for estimating resource returns in agriculture -
production functions which have been derived from actual 
farming experiences - to these changes in prices and physical 
production responses. 
The Problem 
Need for estimating resource returns 
Estimates of the returns to resources used in agricul­
tural production can help the various components of economic 
society to achieve their respective goals. These estimates 
not only allow assessment of an existing position relative 
to the desired allocative position but also offer clues as to 
the shifts in resource use that will contribute to the 
2 
achievement of these goals. 
Farmers want guides to help them allocate their land, 
labor, and capital among possible agricultural enterprises 
more profitably. Estlmstes of net farm Incomes, as well as 
returns to Individual resources, can help farm decision-makers 
to ascertain (1) the most profitable kinds and amounts of re­
sources to use, (2) the enterprises that will utilize avail­
able resources moat profitably, (3) the probable Impact of 
changes In resource use on farm incomes, and (4) their present 
allocatlve position relative to that which is desired. 
Businessmen who deal with farmers also may find estimates 
of resource returns in agriculture helpful in planning their 
operations. Bankers, machinery dealers, seed growers, and 
others who sell to farmers can use these estimates to antici­
pate changes in demands by farmers for their products and 
services. Managers of packing houses, canneries, grain 
elevators, and other agencies which buy farmers' products 
may want to draw upon estimates of farming returns when they 
plan adjustments of their activities and facilities. 
Government, in its effort to help the general public 
achieve its economic goals, needs guides as to how resources 
can be best allocated (1) within agriculture and (2) between 
agriculture and other sectors of the economy. Estimates of 
resource returns in farming may help in appraisal of the im­
pact of existing or proposed public agricultural programs. 
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Moreover, these estimates may suggest new directions that 
social action can take - credit, education, income stabiliza­
tion, technical services, and others - and the distribution 
of these programs among Income groups, among geographical 
areas, between agricultural and non-agricultural sectors, 
and over time• 
Existing methods for estimating resource 
returns and their limitations 
Several approaches have been employed to measure both 
overall farm incomes and returns to single resources. Tabu­
lar comparisons and budgeting have been the most common 
approaches. However, these techniques do not always provide 
satisfactory estimates of resource returns. 
Budgeting. Estimates of gross and net farm Incomes for 
alternative input-output arrangements have been made with the 
use of budgeting techniques. (Linear programming may be re­
garded as a recent refinement in budgeting.) By varying the 
assumed amounts of Inputs, these budgeting techniques have 
also been used to estimate marginal returns. 
In forming such income and productivity estimates, physl 
cal input-output relationships that have been estimated in 
other studies - frequently experiments and haphazard surveys 
are relied upon. Particularly common has been the use of 
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"rules of thumb** v'nloh dlsnllcv; the exlRtenoe of dlninlahlnp: 
niarginel rfites of tronsformrtlon ond Bubotltutlon. Moreover, 
the external data which rre avnllrble for ranking the budgeted 
estlmatea may not corroopond to the unlverae for Khlch Infer­
ences are being, drawn. 'Iheae llinltPtlono rr.ny reduce the accu­
racy of the eatlmatea of resource returns Indlcpted by the 
budget analyses.^ 
Tabulr.r comparlBons. One of the oldest techniques for 
estimating farm Incomes ie the collection of cost and returns 
data from actual farming experiences. Usually the bnslc in­
formation Is assembled from surveys or farm record compila­
tions. Income comparisons rre mede by sorting the component 
farms Into various subgroups. Rates of response to added In­
crements of simple resources are estimated by coraparlng re­
turns in the chosen subgroups. 
This technique does not allow discovery of any continuous 
relationships that may exist. Similarly, the relative returns 
that are shown in the estimates are iiifluenced by the inter­
vals which are selected for grouping. 
Often associated with tabular compsrisons is the practice 
^For a more complete discussion of the capabilities of 
budgeting techniques as Income estimators, see Earl 0. Heady. 
Budgeting and linear programming in estimating resource 
productivity and cost relationships. In Earl 0. Heady, Glenn 
L. Johnson, and Lowell S. Hardin, eds. Resource productivity, 
returns to scale, and farm size* Ames, Iowa, Iowa State Col­
lege Press. 1956. pp. 67-81. 
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of showing the returns to a single input to be the income that 
remains after the costs of the other inputs h&ve been sub­
tracted. This "residual" estimator may result in misleading 
conclusions with respect to resource returns because of its 
iCiplioit assumption Chst actual marginal returns pre reflected 
in the resource prices. 
Production functions as estimators 
of resource returns 
The preceding discussion suggests that budgeting and com-
pcrlson techniques can be useful, but are limited in their 
application, es estimators of returns in farming. Production 
functions which have been derived from farm records offer 
another possible estimating procedure. 
Nature of empirical production functions. Production 
functions offer a formal expression of the amounts of a given 
product which are associated with various combinations and 
intensities of the contributing resources. Mathematical equa­
tions can be, and have been, fitted to empirical data to show 
these relationships quantitatively. 
The results of experiments may be used to estimate these 
relationships for single groups of agricultural Inputs. Pro­
duction surfaces which have been derived from livestock-
feeding and fertilizer response experiments are illustrations 
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of estimates of this sort.^ 
Usually more than the available amount of money and time 
would be required if production surfaces for all the resource 
groups which are used on farms were to be fitted simultaneous­
ly from experimental data. As an alternative procedure, pro­
duction surfaces may be derived from actual farming experiences. 
Input-output data are assembled for a group of farms from sur­
vey information or ferm records. Each farm, with its unique 
input combination and associated output, serves as an indi­
vidual observation. Because it is difficult to discover how 
a given farm input is divided among the various farm enter­
prises and because the procedures for fitting the estimating 
equations are limited, some inputs and outputs must be aggre­
gated into broader categories. Usually items which are close 
complements or substitutes in production are pooled together.^ 
Applications of production function results. Like the 
^For example, see: Earl 0. Heady, John T. pesek, and 
William G. Brown. Crop response surfaces and economic optima 
for fertilizer use. Iowa Agr. Exp. Sta. Res. Bui- 424. 1955; 
Earl 0. Heady, John Schnittker, Solomon Bloom, and Norman L. 
Jacobson. Isoquants, isoclines and economic predictions in 
dairy production. Jour. Farm Econ. 38:763-779. 1956. 
^For examples of studies in which production functions 
have been fitted from farm survey data, see: Earl 0. Heady 
and Russell Shaw. Resource returns and productivity coeffi-
ciente in selected farming areas. Jour. Farm Econ. 37:243-
257. 1954; H. R. Jensen and W. B. Sundquist. Resource pro­
ductivity and income for a sample of West Kentucky farms. 
Ky. Agr. Exp* Sta. Bui. 630. 1955. 
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other techniques for estimating resource returns, production 
functlone which have been derived from farm records may be 
used to estimate gross and net returns for any existing or 
assumed resource combination. But production function esti-
ffi&tes go beyond this in that they estirnfte the response of 
output to additional increments of resources for various 
levels and combinations of resources. The budgeted estimates 
of changes in Income rely upon external raepsures of resource 
productivity. The tabular comparison estimates show changes 
in income between discrete points on the production surface 
and offer little indication of the marginal productivity of 
resources et given points on the surface. 
With production functions, estimates of marglnel returns 
to single resources are made directly rather than being tied 
to actual market prices of the other resources (in contrast 
to the "residual" method). 
Therefore, it may be anticipated thf?t production func­
tions offer estimates which are more suitable for some pur­
poses than are the other empirical procedures. 
Restriction of production functions to unique price gnd 
productivity conditions. One limitation of empirical produc­
tion functions is the orientation of estimates of farm incomes 
and resource returns to unique sets of prices, physical pro­
ductivities, and resource combinations. 
As Indicated previously, individual products or inputs 
8 
which pre nerrly perfect complements or substitutes nre aggre-
lipted tot,ether production functions. Since the components 
of some input or output rgt.rcEf'^®® i^ot likely to be mens-
ured In identlcpl phy^lcnl units, thc^e components ore express­
ed fis dollar vflluec.^ Henco, the productivity cstlr.Ptes which 
fire rasde directly from the function ore appropriate for the 
price conditions under v.hlch the dnta hrve been collected. 
Similarly, the production aurfnce reflects the yields, 
fltnge of technolotlcol Innovrtlon, *tnd man-^gorlfll nbllitleo 
on the sample ferras at the time the dPta were obtained. 
Changes in the input nnd output comblnntions employed by 
the forms mey render the origlnpl functions obsolete. The 
mftthemrtticsl equations which rre comaonly used nre likely to 
provide bireed cctlmntes of output responscE f>t input levels 
greater or snaller then the menn. Chpnges in the composition 
of the input and output aggregstee niey further alter the rela­
tionships betxcecn these aggregates. 
Ponsible edeptstion of r:roduction functions to chcnp:ed 
conditions. Since production estlmftes rre orient'.d to unique 
sets of price and productivity conditions, the moet straight­
forward procedure would be to derive nev; production fui'^ctions 
^Because the estimBtes are in terms of dollar values, it 
may be helpful to refer to these functions as "income func­
tions" or "income surfaces". With the use of this terminology, 
these functions may be more conveniently distinguished from 
the experimentally-derived functions which eptimate physical 
production responses. 
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every time a change in one of these variables occurs. How­
ever, the assembly of new farm record inforra?itlon and computa­
tion of new functions Is a time-consuming and expensive pro­
cess . 
Alternatively, it seems possible that the original pro­
duction function estimates can be adjusted to changes which 
occur in price relationships and physical production responses. 
A doubling in product price from one year to the next, for 
example, could be reflected by a doubling of the original gross 
income estimate at any point on the production surface. 
Objective of the Study 
The purpose of this investigation is to explore the pos­
sibility of adapting empirical production functions for changes 
in (1) product and resource prices and (2) the physical produc­
tion associated with any selected input combination. No 
attempt will be made to test fully the accuracy of the income 
and resource returns estimates which are derived from the ad-
Justed functions. Rather, this study will consider and ap­
praise the alternative procedures that might be used to make 
these adjustments, within the limits of the information actual­
ly available for use. 
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Approach to the Problem 
The problem which has been posed "will be approsched in 
the follovjing manner. 
First, the general nature of the required adjustments 
in estimates for price and productivity changes will be 
eataulished. Alternative ways to inoorporpte these changes 
into the estimating equations will be suggested and appraised. 
Then, possible ways to deteimine the overall changes in 
prices and physical productivity for each input snd output 
aggregate will be considered. Involved here ere the problems 
of (1) selecting appropriate sources of price and productivity 
information and (2) choosing the most suitable indexing schemes 
for estimating composite changes. 
Finally, the adjustment procedure which seems to be most 
appropriate under the existing informetionel restrictions will 
be selected and its use illustrsted with an empirical example 
that draws on actual farrrdng experiences in Iowa. 
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NATURE OF THE REQUIRED ADJUSTMENTS IN 
THE ESTIMATING EQUATIONS 
The foregoing discusaion has described the orientptlon 
of farm income estimates from production functions to p unique 
set of price, productivity, and resource-use conditions. The 
task of this chapter is to develop and appraise possible ways 
to adjust the original estimating ecuptions for chrnges which 
occur in these conditions. 
Possible Sources of Change in Income Response 
Changes in the income estimates may result from either 
of two kinds of shifts: (1) movements along the income sur­
face and (2) shifts in the position of the income surface 
itself. 
Farm managers may alter the physical quantities of re­
sources which they use from one year to the next. Since each 
input combination is associated with a unique expected income, 
a revised estimate will have to be made to reflect the new 
resource-use pattern. Figure 1 demonstrates the impact of a 
shift in location along the estimating surface. When AC 
dollars of capital are employed in the farm business, esti­
mated gross income is AB dollprs. An increase of capital in­
puts to DF dollars raises estimated income to DE dollars. 
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Gross 
Income 
($) 
Figure 1 
TVP. 
(0) 
TVP 
(1) 
Capital inputs ($) 
Effect of change in quantity of input and in 
physical production response on gross income 
Gross 
income 
($) 
TVP (0) 
TVP (1) 
Figure 2. 
Capital inputs ($) 
Effect of change in input price on income 
response 
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Shifts In the entire income surface may occur so that a 
new output value is associpted with any given input comhlne-
tion. Since f-rm output is measured in terms of dollar value, 
estimated output becomes a function of both product price and 
physical quantity. Any change in product price will bring 
about a proportional change in the output v.'hlch corresponds to 
any selected set of inputs. To illustrate, let the original 
output (gross income) in Figure 1 be AB dollars. If product 
price is reduced 50 per cent, the Income surface will shift 
so that the value of output associated with the original set 
of inputs becomes GB dollars. 
Similarly, changes in the response of physical produc­
tion to added inputs will alter the position of the income 
surface. Weather, insect, and disease conditions can change 
output response. Technological Innovations such as improved 
seed varieties or higher-capacity machinery may shift the in­
come surface upward. Farmers may also increase the produc­
tion associated with each input combination by learning to 
combine their resources more skillfully. For example, grain 
seeding could be timed to take better advantage of prevailing 
moisture and ten^jerature conditions. 
V/here resources are expressed as values rather than as 
physical quantities, changes in resource prices also will 
change the overall position of the Income surface. Suppose 
that the price of an input doubles. Twice as many dollars 
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must be now spent on thet input to yield the gross Income 
that was produced initially. This is demonstrated in Figure 
2. If the price of capital inputs increases 100 per cent, CD 
dollars will have to he spent to result in the gross income 
thet originally was associated v;ith CA dollars. 
Possible Procedures for Adjusting Estimates 
of Resource Returns 
It has been suggested that changes in estimated resource 
returns may be brought about by changes in (1) the response 
of physical production to added inputs, (2) product prices, 
(3) resource prices, and (4) the physical quantities of re­
sources employed. The first three involve shifts in the 
position of the income surface. How can the equations for 
estimating input-output value relationships be modified to 
take these shifts into account? 
Iliree ways to make the needed adjustments seem possible 
to this writer: (1) adjust the input and output values in 
the individual farm records that were used to derive the 
Initial income function; (2) adjust the numerical values of 
the coefficients in the original estimating equations; and 
(3) continue to use the original estimating equation, but 
appropriately code the values of the inputs and outputs that 
are introduced. 
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Ad.lustment of the bnslo I'aris. record data 
Probably the most etre-ightforward, yet most lengthy, 
procedure Is to adjust the Input and output vplues In the 
orlfc.lii«il farm records for price end physlcpl productivity 
changes. If product prices double, the value of output esso-
cloted with each component farm would be doubled. Simllprly, 
if it is known that the prices of inputs used on the "everpge" 
form in the sample Increased, the corresponding input value 
associated with each farm in the sample would be increased 
proportionally. Once the input and output values hpve been 
adjusted appropriately, new sums of squares and crossproducts 
may be cocpputed and a revised incoae-estimating equation 
fitted to these. 
Ad.lustment of the original coefficients 
Adjusting the original observrtions and deriving new 
Income functions would require nearly as much computational 
effort BB the fitting of the original functions- One might 
expect that this procedure may be simplified by adjusting 
the coefficients of the original estimating equations direct­
ly. Such adjustments may be accomplished by simple algebraic 
16 
transformations.^ Ae demonstrated by the discussion which 
follows, these transformations can be applied to a variety of 
algebraic relationships. 
Cobb-»Doug:la8 function. The Cobb-Douglss function, the 
algebraic form that is most frequently used to estimate all-
ferin input-output relationships, lends itself to such an 
adjustment. This function can be expressed symbolically as 
Y . a X^l • . • 
where the X's denote value of Inputs, Y denotes expected out­
put (gross income), and "a" and the "b's" are constants. 
In the Cobb-Douglas function, each "b" coefficient esti­
mates the per cent change in gross Income which is associated 
with a 1 per cent change in that input. Therefore, one can 
intuitively expect the numerical value of "b" not to change 
when the income surface shifts proportionally upward or down­
ward at all points. The "a" coefficient in the Cobb-Douglas 
function may be interpreted broadly as Indicating the overall 
slope of the income surfece. A change in resource price, 
product price, or the physical productivity of a resource can 
be expected to bring about a change in the "a" value. 
ITiese intuitive ideas about the changes in coefficients 
which occur are verified when a formal transformation of the 
^The transformation procedure is explained in many inter­
mediate algebra texts. See, for example, Frank M, Morgan. 
College algebra. New York, American Book Co. 1943. pp. 
293-294. 
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roots of the estimating equation is made. The Cobb-Douglas 
function for the time period 0 can be expressed as 
V ^(0) = (^0) ^ i(o) X 
tn(0) 
n(0) 
Let denote the ratio of period 1 price to period 0 price 
for any input. The value of any input in period 0 may be ex­
pressed in terms of its physical equivalent for period 1 as 
= • 
^l(O) since 
•Xi 
%{1) = ^l(O) Ixi 
Substituting these equivalent values into the original func­
tion, 
^(0) ' a(0) 
^(0) 
^l(l) 
•XI 
1 
^l(O) 
Xn(l) 
•xn 
^n(O) 
i^Uo) I^nCo) 
*n 
bl(0) 
*1(1) 
„Mo) 
''n(l) 
Similarly, the physical equivalent of period 0 output may be 
expressed in terms of period 1 prices and physical productiv­
ity . Let ly denote the ratio of period 1 output price to 
period 0 output price and Ry denote the ratio of physical pro­
duction in period 1 to that in period 0 (for any given set of 
Inputs). The value of output in period 0 in terms of year 1 
conditions as 
^(0) 
ly ^y 
since Y(1) = Y(0) ly Ry 
Substituting this into the income function, 
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111 
ly % 
a ( 0 )  Ixi^l(O) ••• Ixn^n(O) 
Solved for the equation becomes 
^ ( 1 )  =  H o )  %  
^l(O) ^•bn(O)] 
n(l) •••^n(l)J 
Ixil3l(0) ••• ^ Xj^ n^(O) 
,^1(0) 
^l(l) X 
^n(O) 
n(l) 
The constants may be combined to form the value for period 
1; 
a(l) = ®(o) ^y -"^y 
^xi^^KO) ... Ixn^n(O) 
The numerical value of a|"-j_j inay be determined with the use of 
logarithms. The production function for period 1 then becomes 
^(1) " ®(1) '^l(l) ... ^ n(l) 
It will be noted that, as postulated eerlier, the values of 
the "b" coefficients in the Cobb-Douglas function do not change. 
Modified exponential function. Since the Cobb-Douglas 
function imposes a constant elasticity of production and does 
not permit an upper limit to total output, modlficstions of 
this function which are not subject to these restrictions have 
been proposed. One such function hes been suggested by Carter 
and Halter^ and takes the form 
„ 1^ 1^ ^^ n n^ 
^Harold 0. Carter and Albert N- Halter. A transcendental 
function for agriculture- (Unpublished manuscript.) Ames, 
Iowa and East Lansing, Michigan. 1956. 
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Llite the Cobb-Coutli? functloii, the Cnrter-h'Plter func­
tion dpy he tranBformed so th'^t It reflecle chsnges In prices 
end resource produotlvltloa. Tho trans fornix tlon may be com­
pleted In the followln^j uay. Let the function for period 0 be 
^(0) ®(0) *1(0) °1(0) ••• ^n(O) °n(0) 
As with the Cobb-Douglas function, the X nnd Y values for 
period 0, expressed In terms of their period 1 equivalents, 
are 
"^ (0) * "1(0) - ^  
Substituting these new equivalents Into the original function, 
W"°' tel... 
cn(0) 
I *n 
Solving for and collecting terms, 
^l(O) ^n(0)l r 
\{1) ^n(l) J L°l(0)l*l ) ••• Cn(o)l.*n 3 
Then 8^2.) becomes 
fl / r> \ 
and, since 
^ l^xi^UO) ...Ixn^n(O) J 
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01(0) <^*1 >' [01(0) "*l)j . 01(1) = oi(o) (^*l5 
The new "a" and "o" vs].ues can be computed v;lth logerithms. 
Just 08 In the Cobb-Douglss function, the "b" coefficients 
remain unchanged. 
Quadra tic functions. Another algebraic form which may 
be practical for use in raeasurlng f«^rm input-outjjut relation-
1 
ships is the quadratic group. One such function is the 
simple quadratic, 
2 2 
^ ™ a + ^1^1 ^1^1 • -j» ^A^n ^n^n 
Like the exponential type functions, the roots of the quad­
ratic may be transformed to yield adjusted coefficients which 
are appropriate for use with changed price and productivity 
situations. 
Let the function for period 0 be 
^(0) = ^(0) ^1(0)^1(0) •*" °1( 0)^1(0) + ••• + ^n(0)^n(0) 
°n(0)^n(0) 
Expressing the period 0 input and output values in terms of 
their period 1 equivalents, the function becomes 
= a(o) ^ bKO)^ * 01(0) 1^^] • ^ bn(o) ^ 
^For a concise description and interpretation of some 
possible quadratic forms, see Earl 0. Heady. Technical con­
siderations in estimating production functions. In Heady, 
Johnson, and Hardin, 0£. clt.. pp. 8-15. 
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On(0) 
X 
9 
aUl 
Ix n 
Solving for Y(i) and collecting constants, 
^(1) " ly °(o) ''id) ^ 
•XI 
¥aix„(i) 
~*n "^Xn 
The revised values of the coefficients for the single quad­
ratic are, therefore 
l3i(0) = ti(0) 
* Iv R, 
°i(l) = °i(0) —i 
•xi 
Coding of input and output values 
The above two methods for dealing with shifts in income 
surfaces result in revised values of the coefficients in the 
estimating equations themselves. An alternative approach is 
to use the original equations to estimate incomes.^ This 
procedure involves three steps; (1) express the new input 
^This approach is demonstrated by Gerald I. Trant. Ad­
justing for price levels in production function studies. In 
Heady, Johnson, and Hardin, o^. clt.. p. 132-167. 
values in teriae of tiieir equivalent veluea in the initisl 
pex'iod, (ki) estiiaste the income I'or the initial period that 
is associated v/ith this input equivalent, and (3) convert the 
estimated incotae for the initial period to its equivalent in­
come in the nevi period. 
These steps may be developed more concretely in the fol­
lowing manner. Suppose that an income surface hos been fitted 
for time period 0 and that it is desired to estimate returns 
for period 1. To express each input category in terms of the 
period 0 dollar value that corresponds to the input quantity 
used in period 1, the period 1 input value is divided by the 
ratio of the period 1 input price to the period 0 input price, 
Ixj^' This may be shown in mathemEtical notation as 
In effect, the input values which are introduced into the equa­
tion are coded. Coding is not required for Input categories 
that are expressed as physical quantities. Using the original 
income equations, the period 0 income which Is associated with 
this coded input value may be estimated. For the Cobb-Douglas 
function, this would be 
. ^i(l) 
^l(O) " 
£3 
IhiB enllmated ^roea l/icowt>, ^(o)» Income that VrOuld be 
proauced In p&rlod 1 ir no change In physlcel productivity or 
output price occuro Lutween porioa 0 and period 1. To derive 
the corresponciing luaotuo value Tor period 1, adjustments must 
fce /uEie for these ohnngee. Ihls can be accomplished by multi-
pliflng the period 0 e^uivelent, Y(q), by (1) the ratio of 
period 1 product price to period 0 product price, ly, pnd (2) 
the ratio of physical productivity in period 1 to that in 
period 0, Hy. In terais of elgebrsic notation the fidjuf.tment 
ior the Cobb-Douglrs function would be 
Y(l) ^  ly Ry Y^O) ' 
r- -I ^l(O) r- n ^n(O) 
te'l ... fe'l 
Similarly, the orlglnnl estlmrtes of marginal returns 
can be sdjusted for price and physical productivity chsnges. 
For the Cobb-Douglas function, the marginal value productivity 
of any input in period 0 is 
MVPy , . s ^^(0) 3 bi(o^ 
eP%(0) ^ ^i(O) 
Adjusting this marginal productivity estimate to the price end 
productivity conditions of period 1, 
MVP^. » bW/^^ jLil > ,, » - < , (nl < '
H(l) X^i(i) 110' Xi(i) 
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^l(O) 
Xn(0) 
1 ^ n(O) 
^l(O) 
% ®(0) 
^i(l) 
The foregoing discussion has demonstrated the coding of 
input and output values for Cobb-Douglas functions. Corres­
ponding adjustments in estimates of gross income and marginal 
value productivity estimates can be made for other functions, 
including the Carter-Halter and the simple quadratic forms 
that were in the preceding sections of this chapter. 
The coding adjustment procedure resolves itself essen­
tially to the adjustments that are made in the second adjust­
ment procedure, in which the coefficients of the original 
functions are revised. When the coefficients are adjusted 
for price and productivity changes, income estimates can be 
made directly for any assumed input value. When the coding 
procedure is used, adjustments must be made each time a new 
input combination is introduced into the equation. 
It has been postulated that, where proportional changes 
occur at all points along an income surface, income esti­
mates can be made by either modifying the original esti­
mating equations or coding the variables intorduced into the 
equations, rather than by going to the trouble of obtaining 
Alternative Adjustment Procedures Tested 
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new series of input and output values. To test the validity 
of these adjustment procedures, functions were fitted to 
hypothetical data for two sets of price conditions. Then the 
proposed adjustment procedures were used to revise income 
estimates for these price changes, and the results of these 
adjustments were compared with the results obtained by fitting 
functions to the new input and output values directly. 
Table 1 shows the gross Incomes that were assumed to be 
associated with verious single input in time period 0. Three 
functions were fitted to these data: the Cobb-Douglos, the 
Carter-Halter, and a simple quadratic. It was then assumed 
that the prices of both output end input doubled from time 
period 0 to period 1. As shown in the table, this resulted 
in correspondingly larger input and output values on e^ch 
farm. A new function for each algebraic form was fitted to 
the revised observations to provide an Income estimate 
against which the results of the adjustment procedures could 
be Judged. 
Two methods were used to make the adjustments in the 
original estimating equations for the assumed price changes: 
(l) adjustment of the coefficients and (2) coding of the in­
put and output values. Since the shift in the income surface 
was assumed to be proportional at all points, the results of 
the method in which all of the raw observations are adjusted 
by the price indexes could be e:<pected to be the same as the 
2S 
Table !• Hypothetical values of output and inputs 
used for testing sdjustrnent methods 
Period 0 Period 1 
Farm Gross income Inputs Gross income^ Inputs^ 
($) i t^) i ^ )  ( 1 )  
1 15 10 30 20 
2 30 15 60 30 
3 45 20 90 40 
4 40 30 80 60 
5 50 30 100 60 
6 60 35 120 70 
7 55 40 110 80 
8 65 46 130 90 
9 65 55 130 110 
10 75 65 150 130 
Mean 50.0 34.5 100.0 69.0 
^Gross income in period 1 is twice the period 0 value. 
^Value of input in period 1 is tvrice the period 0 value. 
estimates from entirely new observations. This will not neces­
sarily be the case in a real situation because the actual 
changes which occur on any sample farm may not correspond 
exactly to the changes indicated by the available published 
price data. 
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Income estlmfltee I'or period 0 were mode nt sn arbltrorlly 
selected Input level (50 dollrre) • Corresponding: estlmntes 
were made for the Hnnie phyeicpl Input qunntlty (now worth 100 
dollars) In period 1, uslnt' both the edjusted functions end 
the function fitted directly to the new observntions. The 
results for each form of elgebraio equation pre shown below. 
The comparative income estimptes for the Cobb-Douglas 
function were: 
(1) Period 0 
Y(0) = a(0)^ (0)^ °^^  ' (50) » $68 
(2) Period 1 
(a) Function from new observations 
Y(i) « = 4.03 (100)*'^®^ = $136 
(b) Adjusted coefficients^ 
8(1) - Ho) ly % '  
(3.42) (2) (1) 3 .403 
2 
U^) - ^ (0) = •'^ 64 
y(lj = a^) = .403 (100)*'^®'^ = Il36 
ISee pp. 15-19 for the development of the appropriate 
adjustments for the coefficients. 
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(c) Coded values^ 
D(0) 
(^1) = ly Ry «(0) [^ ] 
(2) (1) (3.42) p^] = tl36 
The comparative income estlrastes for the Carter-Halter 
function were; 
(1) Period 0 
(^0) = (^0) ^ 0^?^  " .992(50)^ *^  ^(.981)^ ° = 6^7 
(2) Period 1 
(a) Function from new observations 
1) 1) "• 
(^1) = ®(1) ^ (1) °(1) = .794(100)^ "^ '^  (.990) 
!|134 
(b) Adjusted coefficients 
= ®{0) ly ^  i^ b(o) ' 
( .992) (2) (1) = .792 
g-L • OO 
(^1) ' ^(0) ' 
1, 
.990 0(1) =0(0)^ ''= ( •981)^ '^  ^= - 5 
^See pp. 19-22 for the development of the coding proce­
dure . 
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Y(i) = X(TL) c^ .^ ) 
.792(100)^*^^ (.990)^'^° » |134 
(c) Coded values 
(^0) [X(l) Ty. 1 <^ 
Y(1) = ly Ry a(o) 1-4^1 ®{0)l^x 
r T 1 33 (2) (1) (.992) p:|Oj (.981) 2 
The comparative incomes estimated for the simple quad­
ratic were; 
(1) Period 0 
^ ( 0 )  '  H o )  +  b ( o )  ^ ( 0 )  +  H o ) H o )  =  
1.90 + 1.97(50) - .0137(50)2 = $66 
(2) Period 1 
(a) Function from new observations 
^ ( 1 )  =  H i )  ^ ( 1 )  ^ ( 1 )  ° ( 1 )  ^ ( 1 )  '  
3.81 + 1.97(100) - .00685(100)2 = |133 
(b) Adjusted coefficients^ 
4l) " Ho) h (2) (1) » 3.80 
b*i) = b(o) = 1.97 (2) (1) » 1.97 
•!C  ^
®(li = °(0l ^y = .0137 ^2) (1) , .00685 
^1) (0) 1^2 (2)2 
^No adjustment of the "b" coefficient in the quadratic 
function has occurred because the changes in product and re­
source prices assumed in this example are proportional. 
Ordinarily a change in the value of "b" for this function would 
be expected. 
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(^1) • ''(I) *^ (1) ^ (1) ^  ®(1) *(1)^  * 
(c) Codftd VAlu(i& 
a 
(2) (1) 1.90 + 1.97 - .0137 
$133 
The hypothetical example eugteste thrt, es pcstulPted, 
the results of both of the odjuetment raethode agree with the 
Iriocnie eetlmetes made directly from the new input and output 
values. Similarly, the method in which coefficients pre sfl-
Juated by the price end productivity indexes produces new 
coefficients which nre the seme, except for rounding errors, 
as those in the completely new functions. 
Appraisal of the Alternative Procedures 
It has been suggested that three v/ays to adjust income 
estimates for changes in prices or physical productivity may 
be considered. These Include (1) adjustment of the raw ob­
servations from vAiich the original function has been computed, 
(2) adjustment of the coefficients which have been derived 
for the original function, and (3) use of the initial esti­
mating equations with coded input and output values. How do 
these "stack up" against one another? 
The example in which three functions were fitted to 
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hypothetical dr.ta showed thnt the spwe income er-timftte re­
sulted from each estimating procedure. It may be e:<pected 
that each method can be used to particulnr sdvantage in some 
situations. 
I'he first method, in which the original observations are 
adjusted, involves much more computptionsl effort than does 
either of the other two. Yet, one can conceive of the pos­
sibility that nonproportional shifts in the income surface 
may occur- This method, unlike the other two, allox^'s indi­
vidual observations to be adjusted by different rates so 
that nonproportional changes are reflected. 
The second method, in which spproprir?te adjustments are 
made in the original coefficients, probably is the most simple 
to use when income estimates are to be made f?t several points 
along the income surface. R?ther than having to be coded and 
decoded, input values may be introduced into the equation 
directly. 
The third method, in which the original estimating equa­
tion is used, essentially involves the same computations as 
the second, except that it does not pool the constants to­
gether. This makes it necessary to adjust input values that 
are introduced, as well as the income values that result, each 
tirrie an income estimate is made. It may be concluded then 
that use of this procedure is advantageous only when one or 
two estimates sre being made from an income function. 
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DERIVATION OF THE INDEXES OF CHANGE IN PRICES 
AND TECHNICAL RELATIONSHIPS 
The foregoing chapter has suggested possible adjustments 
in income functions which can be made for changes In prices 
and physical production responses so that the functions may 
continue to be used to estimate resource returns. The methods 
require for each input or output category a single figure 
xvhlch indicates the degree to which prices or technical rela­
tionships have changed. Restrictions in the information 
available from farming experiences, ps well as limitations in 
the procedures used to fit the functions, meke it necessary 
to pool some inputs and outputs Into composite groups. This 
con5)llcates the adjustment problem since changes in prices 
and technical relationships are not likely to be the same for 
all the components of any input or output aggregate. Suppose, 
for example, that crop output consists of the combined values 
of corn and oats production. It may be thet from year 0 to 
year 1 the price of corn increases 50 per cent, while the 
price of oats declines 20 per cent. How much has the "price" 
of crop output as an aggregate changed? 
This chapter considers the problem of estimating the 
overall changes in prices and technical relationships which 
take place in the separate input and output aggregates of 
income functions. The Inforrcatlon which is available and the 
33 
v?ay8 In which inputs and outputs are aggregated are not the 
same for a3.1 production function studies. Ihe discussion 
which follows is oriented to a fairly specific body of in­
formation and system of aggregation. Yet, an atteirpt is made 
to develop some principles which may have valid application 
to other studies undertaking to measure resource returns. 
Construction of Indexes of Price Change 
It has been suggested that shifts in income surfaces may 
be created by changes in product and resource prices. To re­
tain their usefulness, income equations must reflect the over­
all price changes which take place in the component input and 
output aggregates. The numerical value of the index figure 
which describes this change for any input or output group 
may be influenced by three considerations; (1) the sources 
of the price data which are used, (2) the indexing formulas 
which are selected for "averaging" the price chsiiges taking 
place within input and output aggregates, and (3) the rela­
tive amounts by which the index components are weighted. 
Selection of the sources of price information 
The exact changes in prices paid or received by operators 
of the farms for which income functions have been fitted can 
34 
be obtained only by oolleoting additional inforsiptlon from 
each frtr... rrlous wiich correoj'ond to eT«*ry Input 
BfKl output or to th« ^eoiir-'phlcpl location jr llio ^tu'ly rre 
not liliely to be ^utliahed. Hov.'over, it msy be pop«lble, In 
sdju^-^tiut Inooae fynr-tlone, to obtsln prlco tlMn thnt .®re 
hii^hly correl*'te<J vit.-i the price thrt would be irost 
optiaiuni. 
Oeokrpchicgl nrea enoonipresed. It vould be »/tont appro­
priate to secure inforc;fltion r.bout the price chRnpes thot 
occur for the universe of forms to which the Incone function 
has been fittod. Yet, t^his condition is uauslly difficult to 
fulfill. In on effort to hsve the derived incorae functions 
represent foirly hoiao£reneous productivity conditions, the 
fanes which are included typic?2lly fnll vlthin the crrtograph-
ic llialts prescribed by "juch criteria PS aoil »?gs3ciPtions, 
cliraRtic conditionc, and existing enterprise coiJibinntinna. 
On the other hand, price dpt.n h"ve been aost frequently com­
piled for politically dellnep.tefl ;?reps - crop reporting; dis­
tricts, counties, and steteo. It is jx>csible to nsne.'^xle the 
needed prices by surveying the inrras in the univeroe under 
study, but this would entail the very expenne ond tirae thst 
the adjustaent procedures &i'e designed to avoid. 
Failure of price information to correspond to the geo-
grsphical area for vhich Incoice functions are derived does not 
necessarily invalidate the use of this Informption. One 
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might expect local, regional, and nationwide prices of farm 
resources and products which are easily transported and stored 
to experience parallel changes. Increases In the local demand 
for a resource to be shipped to that locality. This will 
create a greater demand for feed grains In the grain-producing 
areas of the country and, as a result, nationwide feed grain 
prices are likely to rise. 
Because transportation charges tend to remain fairly 
constant, percentage changes in the prices of farm resources 
and products may be less at places far away from the point of 
production or extraction than at nearby locations. This is 
demonstrated In Figure 3. denotes the supply of feed grain 
in region A (located far from the production area) and Sb de­
notes the supply of feed grain in region B (located near the 
production area). At all quantities the supply price in region 
A Is a constant number of dollars higher than that in region 
B (resulting from the higher transportation costs to region 
A). Demands in both regions are assumed to be the same 
(Dj^ = Dfi). If the supply schedules in both regions shift by 
the same absolute amount from S to s', the percentage drop in 
price will be greater for region B, since ed = cb and, there­
fore, cb/ca = ed/ea. The same lack of proportionality would 
hold true for a shift in demand. As a result of these differ­
ent percentage changes, price changes for a large region may 
not be proportional to the price changes xifhich occur for one 
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SA SAI SB 
Feed grain 
price 
Quantity of feed grains 
Figure 3. Effect of distance of consumption from 
the point of production on the percentage 
change in price 
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of Its component geographical units. However, one would not 
expect this distortion to be serious in many instances. 
Changes in regional or national prices are not likely to 
be associated with local price changes in cases where farm 
products and resources pre Immobile or where v.'ell-deflned 
marketing channels have not been established. Illustrative 
of this are labor, land, and, to some extent, hay. Suppose, 
for example, that the local demand for labor declines as the 
result of a factory being closed down. Since the displaced 
workers are not likely to relocate immediately, they will com­
pete for the other job openings in the area. As a result, 
local wage rates can be expected to fell, even though no 
measurable change occurs in statewide or nationwide wage rates. 
Similarly, a poor hay crop may reduce the regional price of 
hay relative to that of the rest of the country, since hay 
cannot be readily moved for long distance without great ex­
pense. Hence, it can be argued that the use of prices for 
geographical units which are much larger than the area covered 
by the farms in the income function may not be appropriate. 
To test the relationships among prices of various geo­
graphical units, some historical price dpta were assembled for 
selected commodities and resources. (See Table 2.) The co­
efficients of variation of the state, regional, and national 
prices were computed for each of these items. Except for 
farm wage rates, the coefficients of variation were nearly as 
Table 2. Relationships among the state, regional, and nationpl prices 
of some selected farm products and resources® 
No. of Coefficient of variation^ Coefficient of Regression 
years North Central United determinption coefficient 
Item included Iowa States States (r^)® (b)^ 
Corn 20 43^6 ^2.% 40^ 99^ .95 
Oats 20 43 41 39 99 .93 
Hay 20 40 42 40 94 1.20 
Soybeaxis 20 43 42 99 .96 
All cattle 21 55 57 56 99 .96 
lillk cows 21 55 57 54 99 .94 
Hogs 21 50 51 50 99 .81 
Chickens 21 35 35 33 98 .95 
Butterfat 19 36 36 35 99 .92 
Eggs 20 32 32 32 97 1.16 
Gasoline 8 7 6 6 91 .92 
Alfalfa seed 8 23 24 99 1.08 
Soybean meal 8 10 9 9 95 -91 
Farm wage rates 10 18 17 9 70 .27 
SBased on price informstion from: U. S. Department of Agriculture. Agricul­
tural statistics, 1936-1955. Washington, D. C., U. S. Government Printing Office-
1937-1956; U. S. Department of Agriculture. Crops snd markets, 1946-1955. Wssh-
Ington, D. C., U. S. Government Printing Office. 1946-1955. 
I^Standard error of the price as a per cent of the mesn value for the series. 
^Degree of associetion between loxva end United StPtes prices. 
^The number of dollers that United States prices change for every dollar 
change in Iowa price. 
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great for national prices ss they were for state prices- Co­
efficients of determination, r^, were computed to estimate 
the degree of association between Iowa and United States 
prices. With the exception of farm xvage rates, these co­
efficients were greater than 90 per cent. These results sug­
gest that, as postulated, local changes in resource and 
product prices are highly associated with regional and na­
tional prices, except for items which are itanoblle. However, 
this does not necessarily mean that the degree of change is 
the same for local prices as for national prices. Simple 
regression coefficients were computed to estimate the abso­
lute change in United States price associated with each dollar 
change in Iowa price for each item. For the majority of items, 
a dollar change in loxva price was associated with slightly 
less than a dollar change in the corresponding United States 
price. Contrary to what might be expected at first glsnce, 
the absolute price changes in the United States were greater 
than those in Iowa for hay, eggs, and alfalfa seed. Similar­
ly, the absolute change in Iowa farm wage rates were asso­
ciated with less than proportional changes in nationwide farm 
wage rates. 
Selection of appropriate items. It may be that price 
data are not published for some of the items in the input and 
output categories of an income function. Frequently the in­
puts and outputs which have been recorded in the farm records 
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are not fully described or are composites of more than one 
grade or type. For instance, machinery capacity may not be 
specified, or the recorded value of fertilizer applied may in­
clude several nutrient ratios and kinds of materials. Some 
items, such as silege and straw, have no well-defined market 
prices. Still other entries in farm records are composites 
of several kinds of items. The values of livestock supplies 
and of machinery repairs are good examples of this. 
There are several ways to deal with this lack of corres­
pondence between recorded items and available price series. 
One solution would be to select a single item for which 
prices are available and which is a close substitute for or 
complementary to the component of the income function. For 
example, the price of gasoline might be selected as an indi­
cator of changes in fuel and lubricant prices. 
Similarly, a published index of the prices of a group of 
items may approximate price changes which occur for groups in 
the function. The published index of commercial feed prices 
may be used, even though the components of the index may differ 
in kind and relative inportance from the commercial feeds 
actually used on the farms in the study. Yet, because the 
component feeds are fairly close substitutes, changes in their 
prices are likely to be highly correlated. 
Another possible to handle input or output components 
for which prices are not available is to assume that their 
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price moveraento pre the same rs the PversRe mox'ementg of the 
other items In the same Input or output cptegory. If such an 
assumption is realiotic, these Iterca could simply be omitted 
when the price indexes are constructued. 
Time period included. The time periods which rre in­
cluded in the price series used for constructing indexes may 
influence the changes in input and output prices that are 
indicated. The laost accurate pjrocedure for estimating price 
chanties would be to use the prices exlstino' pt the time in 
which each transaction takes place. If, for example, most 
frrms in the sample sold their corn crop in November, use of 
the average price for the entire year might not tfive a true 
picture of the prices actually received during the year. 
Limitations in price and form record information, ?s well as 
in the research funds usually available, make assembly of such 
prices difficult. Yet, available price data can be used so 
thet the prices which are selected correspond roughly to the 
time et which inputs and outputs are bought and sold. To 
illustrate, an unweighted annual average of telephone rates 
may be suitable for estimating changes in annual expenditures 
for telephone services, becaure the use of telephones on farms 
tends to be evenly distributed throughout the year. The use 
of an average grass seed price that is unweighted seasonally, 
however, may distort the picture since most grass seed pur-
chaseis are made during the spring months. Similarly, hog 
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sales on farms fluctuate from month to month snd, therefore, 
the use of en unv/elghted annuel average price would be less 
accurate than the use of sn average thst is weighted by month­
ly sales. 
Selection of price Index forwulPS gnd 
weights to be used 
Some suggestions have been made in the preceding section 
concerning the kinds of price data that are best suited for 
use in adjusting estimates from income functions. These price 
data for the initial period and the period for which revised 
estimates ere to be made provide estimates of changes in the 
prices of individual inputs and outputs. As indicated 
earlier, however, certain of these Inputs and outputs are 
aggregated together in the income functions. Therefore, some 
scheme must be devised for determining the "average" change in 
price that occurs for the items within any input or output 
group. This resolves itself essentially to the price Indexing 
problem which has so often plagued economists and statis-
tlclens. 
Criteria for selecting fonnulas. What characteristics 
do the index formulas need to have if they are to provide un­
biased estimates of price changes occurring within input or 
output aggregates? It is not likely that any scheme for 
constructing the needed indexes will possess the desired 
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traits, and at the sanie time be convenient to use or fall 
within the restrictions of svailable Information. Yet, the 
establishment of these characteristics furnishes guides for 
selection of indexing procedures. 
To be unbiased, the price Indexes must reflect the rela­
tive importance of the component items. Ideally, the physical 
quantities of the components might be used to indicate their 
relBtive importance. But, because physical data for many in­
puts and outputs used in production functions may not be avail­
able and because components v;ithin an input or output category 
are usually measured in different units, dollar values may be 
used as v;eights in the indexes. 
Selection of the appropriate weighting and averaging 
scheme becomes even more involved when the relative values 
of the components change from one time period to another. 
The problem becomes one of dividing the changes in value which 
occur between price and physical quantity. Unless this divi­
sion is made accurately, the resultant price index may reflect 
changes other than those in price.^ 
The selected indexing scheme should also be such that the 
resulting percentage changes in price do not depend on the 
base period chosen. That is to say, the index for year 1, 
^The degree to which this has been achieved can be dis­
covered by using the "factor reversal" test described by 
Irving Fisher. The mailing of index numbers. New York, 
Houghton Mifflin Co. 1927. p. 72. 
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using a year 0 base, should be the reciprocal or the iiidex 
for the year 0 when year 1 serves as the base period. If 
this condition is fulfilled, it becomes possible to compare 
changes in resource returns in different geographical units 
even though the original income functions are not all derived 
at the sanie time • 
Indexes where changes in both prices and quantities occur. 
The ideal price index for an input or output category would 
take into account the v^eights of the component items for both 
the base year and the year for which revised income estimetes 
are to be made. Probably the most comprehensive study of 
possible index formulas to use has been made by Irving Fisher.^ 
He concluded that the most nearly ideal formula is one in 
which two weighted arithmetic means of the price relatives 
of the components are derived - one using base year weights 
and the second using weights for the year being estimated -
and then the geometric mean of these is computed. In mathe­
matical notation, Fisher's "ideal" would be 
^P(O) ^ PdWd) 
iP( 0)1(0) £EM 
^This is the ''time reversal" test for index numbers de­
scribed by Fisher, o£. cit.^ p. 64-65. It should be noted 
that this test is not original with Fisher. (See Bruce D. 
Mudgett. Index numbers. New York, John Wiley and sons. 
1951. p. 47.) 
^Fisher, 0£. cit. 
Index 
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where p(o) "denotes ths price rnC q^Qj the phyaicpl quantity 
of oii Input or output component fit the tlr:.e the incone func­
tion is initielly fitted, nnd p(i) denotes the price raid q{i) 
the piiyeioal qutintlty of r component flt the time of the re­
vised incoine eotiiarte.^ Sone v.riteirs h"ve Ruggested the 
crofJBed-weltiht aggregative formule which w«?8 Fdvoceterl by 
Marshall aiid Edgeworth as one wnich gives very eirallfir re­
sults but wliich is easier to compute.^ It can be expressed 
in mathematlcel not?.lion as: 
Index=-i£lOUL3Ujlmi . ^[p(m ^ "(l)"'!)] 
2&(0) + q(x)] P(0) g[p(0)q(0) ^  (p{i)<i(i)]| 
\vhile the use of an index formula that reflects changes 
in the relative importance of index conponents rosy be highly 
desirable, the needed information is net always nvailable. 
It is possible to determine historical changes in the rela­
tive aicounts of some resources used or products produced from 
published data. However, such drta may not be sufficiently 
detailed or may not correspond to the universe of farms for 
which the income function has been derived. A new survey of 
^This form of Fisher's "ideal" formule is presented by 
W. L. Crum, A. C- Patton, and A. R- Tebbutt. Introduction to 
economic statistics. New York, McGraw-Hill Book Co. 1938. 
pp. 292-293. 
^Albert E. Weugh. Elements of statistical method. 3rd 
ed. New York, McQraw-Hlll Boole Co. 1952. p. 438. 
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the farms that were originally included in the sample may be 
required to obtain this inforcittlon. The need for resurvey-
ing the farms, of course, is the very thing that the adjust­
ment procedures under study here are trying to avert. 
Indexes v;here only base weights are available- It may be 
reasonably accurate to use only base period weights where the 
relative importance of input and output components are not 
known for the period in which adjusted estimates are to be 
made. If it is reasonable to assume that the relative im­
portance of these components has not changed significantly, 
then the use of a weighted arithmetic mean of price relatives 
(sometimes called Laspeyres' index) may be appropriate. This 
index taltes the form: 
index = 
2:P(o)^ (o) P^(o)^ (o) 
Because Laspeyres' index is essentially the ratio of the total 
component values for two time periods and because the quan­
tities in the two periods are considered to be the same, the 
"time reversal" test will be satisfied. 
As pointed out by Trent,^ the price indexes that involve 
the use of weights for the base period only are likely to be 
biased v;hen applied to income functions. Within any given 
input aggregate, farmers can be expected to buy relatively 
^Trant, og.* cit., p. 165. 
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snaller aaounts of the itenifs v^hose prices h.^ve risen the 
most (or declined the least). Since Indexes which use only 
base weights do not reflect these substitutions, the result­
ing price indexes will be biased upward- Within any output 
aggregate, farmers can be expected to produce relrrtively more 
of the conanodities whose prices have risen the most (or de­
clined the least) . Here use of Just the base v;eights v;ill 
introduce a dowmvard bias into the price indexes. The upward 
bias in input price indexes and downv/ard bias in product 
indexes wi3.1 both have the effect of reducing the estimated 
response in gross income to added amounts of inputs. However, 
biases of this sort may i:ot be acute, especi/=?lly ivhere the 
income function adjustments bridge fairly short time intervals. 
Indexes where base weights gre not known. The relative 
importance of some index components may not be known even for 
the time period in which the income function wes originally 
fitted. Similarly, the composition of some subgroups within 
input or output aggregates may not be known. Suppose, for 
example, one recorded coniponsnt of a machine services input 
aggregate is the value of tillage equipment and that the quan­
tities of the individual tillage implements pre not listed 
in the farm records- How can the subindex for the tillage 
group be constructed? Ttiis section proposes some alterna­
tive ways to resolve problems of this sort. 
One possibility is the use of external data to estimate 
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the relative Importance of subgroup components. Two kinds of 
external Information would seem to be approprlpte: (1) bud­
geting which draws on results of experiments or other surveys 
and (2) published aggregate data. 
Budgeting may be a very useful way for weighting index 
components. Suppose, for instance, that the fprm records 
from which an Income function has been derived show only the 
total value of equipment operation costs. Agricultural engi­
neering studies could be used to estimate the relative im­
portance of the items which collectively form this group: 
gasoline, oil, grease, and repairs. By introducing the price 
relatives that correspond to these items, the price index for 
the equipment expense group may then be approximated. 
Similarly, the relative importance of index components 
may be estimated by the use of published compilations of the 
total quantities (or values) of Inputs used or commodities 
produced in the region and at a time that roughly correspond 
to the farm sample information- Suppose, for example, that 
the farm records from which an income function hps been de­
rived show only the total values of commercial feed used. 
Published figures of the quantities of the various kinds of 
commercial feeds bought by farmers in the region - mixed dairy 
ration, soybean meal, tankage, and so forth - could be used 
to establish the relative importance of these components. 
These aggregate figures can then be used as weights for con-
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structliig the price index of the comnierclol feed group for 
the period In which revised estimates of resource returns ore 
to be made* 
It may not be pofjslble to discover the relative importance 
of input or output components even with the use of external 
data. Yet, previous experience may suggest a single item 
that is likely to predominate a group of items. In the Corn 
Belt, for example, crawler-type and smell garden tractors are 
minor in iaportanoe relative to two-three plow row-crop trac­
tors. In this kind of situation it would not seem unreason­
able to use the price relative of the rao;^el item as the index 
for the entire group* 
Other input or output groups (or subgroups) may be com­
posed of items which are of about equal importpnce. The 
machine work hired by farmers is perhaps illustrative of this. 
Farm records often do not disclose the specific kinds of 
machine work that are hired. For the Corn Belt, at least, 
one may postulate that this expenditure is composed of sev­
eral items - custom baling, combining, corn picking, hauling, 
corn shelling, and others - no one of which is much more im­
portant than any of the others. In situations of this sort 
an unweighted average of the component price relatives may 
not be aii unreasonable estimate of the price index for the 
group as a whole. This is especially true where price changes 
are similar for all component items. 
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The results of an index from an unweighted average of 
price relatives will vary, depending on whether an arithmetic, 
harmonic, or geometric mean has been used. The unweighted 
arithmetic mean is likely to give results that are biased up­
wards and sometimes paradoxical. To illustrate, suppose that 
the price index for a group of two items, A end B, is to be 
constructed. Let the price of A be $10 in period 0 and it^SO 
in period 1; let the price of B be 150 in period 0 and $25 
in period 1. The unweighted arithmetic mean of price rela­
tives, using period 0 as a base, becomes 
20 25 
^ rP(l)/P(l)] 100 _ IqCIOQ) 50(100) _ 200 4-150 _ 350 _ noK 
n " 2 ' 2 " 2 ^ 
The unweighted arithmetic mean of price relatives, using period 
1 as a base, will be 
irP(0)/P(l)] _ i§(lQ0) H^IOQ), 50 H- 200 „ 350 _ npg 
n  -  2  " 2 " 2 "  
Thus, use of the arithmetic mean in this case gives the impos­
sible result that the average price in each period is higher 
than in the other. A parallel interchange of base periods 
for the harmonic mean shows the introduction of a downv/ard 
bias into the index: 
T/ / . = 10On _ 100(2) _ 200 _ 200 ^  on 
(1/0) / ~ 10 . 50 " 50 + 200 " 250 ~ 
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^(0/1) = IQQn 20 25 ~ 200 + 50 ~ " 
200 = 200 , Qo 
These "biases are not found in the geometric mean: 
1(1/0)' 100 = 100 (|S) = 
100 /(2)( .5) = 100 /T = 100 
1(0/1)" 100 a^'rp(o)/p(i) -100 ^ignF =• 
100 /( .5)(2) = 100 = 100 
This hypothetical example demonstrates the fact that use of 
an unweighted arithmetic or harmonic mean may yield biased 
index numbers. Yet some writers conclude that, where fairly 
large numbers of components are involved, the resulting biases 
may not be great enough to Justify the extra computation re­
quired by the geometric mean.^ 
One final way to handle groups or subgroups for which no 
weighting information is available may be considered. For 
some input or output groups overall price index figures are 
published, usually on state, regional, and national levels. 
Even though the items in the published index do not corres­
pond exactly to the kinds and amounts in the income surface, 
use of these indexes may be more accurate than the other alter­
natives which are available. The index of fertilizer prices 
may be a good case in point. To record the amounts of the 
%udgett, 0£. cit.. pp. 23-24. 
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various fertilizers used by Indivldunl ffirraa in n locflllty 
would 138 a lengthy proposition. Since ohsngcs in the prices 
of various fertilizer rarteriPle ^re likely to bo ainillrr, the 
statewide index of fertilizer prices constructed by the United 
States Department of Agriculture, for example, mpy provide n 
fairly accurate estimate of the price chanees that hsve token 
place. 
Indexes where price information is incoaplete* The prices 
of some components of the input end output Pg^regetes in in­
come functions may not be known. One way to circumvent this 
problea may be to use published price indexes for groups of 
items which correspond closely to the group in the function. 
Alternatively, a price index could be computed from the indi­
vidual prices and weights that are known, Ihen the resultant 
index could be used to edjust the values of all the component 
items, including those items for which price information is 
not recorded. This procedure, in essence, aasunes thpt 
changes in the prices of these latter components are propor­
tional to those included in the index. 
Summary remarks. The preceding sections have suggested 
possible ways to construct price indexes for various restric­
tions in price and weighting information. No attempt hss 
been made to consider all conceivable indexing schemes. 
Rather, those schemes which seem to offer the greatest pos­
sibility for yielding unbiased results have been presented. 
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It iB not likely thnt price pnf3 v;eightlng Informfltion v;lll be 
available to the eame extent for every Input snd output com­
ponent. Hence, one may ontlclpete th'^t fidjustraent of an In­
come function for price chsn^jeR will require the use of sev­
eral of the Indexing schemes v/hlch h^ve been considered here. 
Construction of Indexes of Change 
In Technical Reletlonshlps 
So far, this chapter has outlined some considerations to 
be made when constructing price Indexes for the input and out­
put groups in Income functions. Additional indexes need to 
be derived for output groups when adjustments are to be made 
for changes in the physical production responses associated 
with any given set of resources. This section suggests con­
siderations to be made in selecting the sources of estimates 
of productivity change and the indexing schemes for estimating 
the overall changes in technical relationships that occur 
within any output aggregate. 
Selection of the sources of estimates 
of change in technical relationships 
Indicators of historical or axitlcipated changes in physi­
cal input-output relationships nre not so readily available 
as are measures of price changes. It is sometimes difficult 
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to ascertain whether an actual change in physical productiv­
ity is involved or whether a change in position along the 
original Income surface has occurred. Nevertheless, it still 
may be possible to adjust for shifts in the position of a 
physical production surface. 
Direct estimators of changes in technical rel='tionships 
are sometimes available. The index of pasture conditions 
which is published by the Crop Reporting Service is an esti­
mator of this sort. This index expresses pasture yields bb a 
per cent of "normal". Presumedly, the index values are not 
affected from year to year by changes in input intensities 
but, rather, are a function of climatic conditions. 
Direct estimates of changes in technical relationships 
are not available for many farm commodities. It may be reason­
ably accurate to substitute inter-year yield comparisons. 
That is, if corn yields were 10 per cent higher in year 1 
than in year 0, the income surface would be considered to 
have shifted up 10 per cent at all points (if corn is the 
only output). However, part of the yield change may reflect 
changes in the resource combinations that are used from year 
to year. This shift in position along a given income surface 
is not likely to be great when a short time interval is in­
volved (say one year). Yet, when adjustments in income sur­
faces are being made over large gaps in time (say five or ten 
years), this may be an important consideration. 
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In selecting estimators of changes in technical relation­
ships for crops, care should be taken to use those which cor­
respond closely to the geographical location of the farms 
for which the income surface has been fitted. Damage from 
weather, disease, or insect infestations is characteristically 
local or regional in scope. Since "poor" growth conditions 
in one region are likely to be partially offset by "good" 
growth conditions In other regions, nationwide yield index 
data cannot be ejtpected to reflect local conditions accu­
rately . Even statewide estimates may be too general in some 
instances. 
Historical data for pasture conditions appear to support 
this hypothesis. Pasture conditions, measured ss s per cent 
of normal, in Iowa, the North Central states, and the United 
States were compared for the 20-year period betv;een 1935 and 
1954. As shown in Table 3, the coefficient of variation be­
came smaller as the size of the geographical area included in 
the index increased. The coefficient of determination (r^), 
showing the degree of association of pasture conditions in 
Iowa and the United States, was only 56 per cent. It may be 
inferred from these results that changes in pasture conditions 
in Iowa are not reflected to a very high degree by changes in 
nationwide pasture conditions. Similar relationships may be 
expected for other crops. 
Direct indicators of changes in technical relationships 
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Table 3. Relrtlonohlp of ohrnfes In prsture conditions 
to size of geographical unit, 1935-54" 
Avc-rpc® paPturo 
Geographical condition Coefficient 
unit over 20-yr. period^ of v;'»rlptlon'5 
Iov;a 83 13 
North Central states 79 11 
United States 76 8 
^Source: U. S. Depflrt.ucnt of Agriculture- Agriculture*.] 
statistics, 1936-1956. V-ashington, D. C., U. S. Government 
Printing Officc. 1937-1956. 
^Expressed sb per cent of norraal. 
^Standrrd error rs psr cent of nepn vnlue. 
may not be available for some products, one nof^sible v;ay to 
handle this problem la to substitute the productivity changes 
that have occurred for other products whose production re­
sponses can be expected to shift in similar fashion. For 
example, if no estimates of hay yields are available, the 
index of pasture conditions might be substituted as an estl-
me tor of changes in technical relationships for hay. Simi-
l£rly, yields of corn silage and grein corn may be highly 
associated• 
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Seleculon of the productivity Index 
formulea and weights to be used 
The Information which hps been described above provides 
estimates of changes in technical relationships for individual 
products. The degree of change in physical production re­
sponse to added inputs is likely to vary from product to prod­
uct. A cool, wet spring, for Instance, may increase oat 
yields and at the same time result in lower corn yields for 
that year. Since several farm products are usually aggre­
gated together In Income functions, the overall change in 
technical relationships must be estimated. This resolves it­
self to the problem of constructing a "praductivlty" index 
for the output group as a whole. 
Possible indexing schemes and their reletive merits 
would seem to have been covered by the parallel discussion 
for price changes.^ The same index formulas are aDplicable, 
except that quantities would be substituted for the prices 
used in the earlier discussion. Values of the component 
prod.ucts may be used as weights. Just as in the price Indexes. 
To illustrate, a possible productivity index formula which 
would use only base period weights is the weighted arithmetic 
mean of quantity relatives; 
^See pp. 33-53. 
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Index = — 
^P(o)^(o) 
The resulting Indexes in turn may be used to adjust the orig­
inal income I'unctiono, and from these revised estimates of 
gross incorays and marginal returns may be made. 
59 
ILLUSTRATION OF THE ^ ^DJUSTWENT PROCEDURE 
The foregoing chapters heve suggested possible spprosches 
to the problem of edjusting Income functions for ohjmg.es ih 
prices and physicel production responses. To deu'onstrate the 
application of these idecs, <TdJus»t,Tents were msde to income 
functions which had been derived from actual ferming experi­
ences in Iowa. This chapter describes the derivation of the 
original estimating equntlons in the IOWF; study snrl then goes 
on to show the adjustments thrit v;ere made for e new price and 
productivity situation. Finally in this chapter, a rough 
check on the accuracy of the adjustment procedure is made by 
comparing the estimated changes in resource returns v.'ith 
changen during the same period that have been Indicated by 
other studies. 
Assembly of Basic Input-output Information 
The income functions for which adjustments in estimated 
resource returns were to be msde were derived from the experi­
ences of a sample of commercial fc?.rms in east-central Iowa. 
The universe for which the 
functions were derived 
So that responses in output to added inputs would be 
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nearly olllte Tor all the fprme In the study, the universe for 
whloh estimBtes were to be made vbb restricted to farms of 30 
acres or inore whloh were locrted within the bounds of the Tpma-
Muscp.tlne soil nssoolstlon of e^st-oentral Iowa«^ As shown 
In Figure 4, the farms studied were sltunted In portions of 
elfcjht counties: Benton, Franklin, Grundy, Hnrdln, Jasper, 
Marshall, Poweshiek, and Tama* The soils in the Tama-Muscatine 
aBsoclatlon pre of loess origin and rank among the most fer­
tile in the state. The farms in this area conRtltute prrt 
of one of the most highly Intensive hog pnd beef feeding 
regions of the world. The principal crops thr-t are raised 
include grain, corn, oats, soybeans, and legume hay. A large 
part of the crop output Is fed directly on the farms where 
produced rather than being sold. Most of the farms in the 
area are operated by families. More than half the cropland 
is rented. The most frequent rental arrangement is the crop-
share lease. 
Selection of the farms to be sampled 
Because no up-to-date list of all the commercial farms 
^More precisely, farms were included if they were located 
in townships which had at least one-half of their area com­
posed of Tama-Muscatine soils. This was determined by visual 
examination of county soil maps. The Tama-Muscatine soil 
area in southeastern Iowa was not Included because of the 
different enterprise combinations and marketing channels 
found there. 
t40WAR O WORTH KOMUTH WlNMttA«0 CMMCT 
rAYCTTC CCAVTOH' 
VUTA PWHOffTAft MWMftOLOT ^UVMOOTH 
BU^CK HAW OOCHAHAW 
MAHU.TOf<« I HA^ Oirt voeosi^ Av icu 
MONONA * 
•UTHlUt I OAtXAt •oott 
fOrTAWiiTTAHm 
VAM TAVtOR I.CC 
Fieure 4. County map of Iowa showing the area from which 
farms in the Tama-Muscatine income function 
study were sampled 
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in the area was available, an area sampling technique was 
used to select the farms from which input-output information 
would be obtained. With area sampling, the total geographi­
cal area Included in the universe is divided into small "area 
segments" and a portion of these segments chosen ss a sample. 
The area segments in this study were designed so that 
each segment could be expected to contain, on the average, 
two eligible farms. 
The sample was stratified by counties so that the dis­
tribution of the sample farms, among counties would be pro­
portional to the distribution of ell eligible farms in the 
universe. Results of the 1950 Agricultural Census provided 
the basis for this apportionment.^ The area segments to be 
included in the sample were selected at random within each 
county. Segments which contained farms that had been sampled 
for an earlier farm management study were rejected and re­
placed by other segments chosen at random. 
Since the boundaries of area segments do not necessarily 
coincide with farm boundaries, the following scheme was de­
vised to ascertain whether a farm would be considered to be 
part of the sample. A farm was included in the sample if the 
operator or, in the case of a partnership arrangement, the 
younger operator resided in the segment. Where the operator 
. S. Census of Agriculture: 1950. Iowa, 1, pert 9; 
46. 1952. 
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ol" a farm did not live In a rural area, the fprn was arbi­
trarily included In the sample if the northernmost point of 
ItB westernmost tract fell within the segment. As a result, 
every eligible farm received the opportunity to be included 
In one, and only one, area segment. 
Enumeration of the sample farms 
Information to be used for deriving the originnl Income 
functions was obtained by intervlev;ing the operators of the 
farms in the sample. Interviews were completed on 255 fprms 
during the summer of 1955. Since much of the survey v;es con­
ducted at a time when farmers were very busy harvesting 00ts 
and hay (late June and July), a sizeable number of the farmers 
in the sample refused to grant interviews. This experience 
impressed the writer with the Importance of timing fr.rm sur­
veys so that farmers are willing to contribute the two or 
three hours needed to provide Information in the detail and 
with the accuracy that is desired for production function 
studies. 
On each farm the following general kinds of information 
were assembled for the 1954 calendar year: (1) the physical 
quantities and values of the individual crops produced, bought, 
sold, and used; (2) the values of the individual kinds of 
livestock and livestock products produced, bought, sold, and 
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used; (3) the values end, where possible, the physical quan­
tities of the specific resources used during the cfllendar 
year; and (4) If the fnrm wes rented, the division of expenses 
and receipts betv;een the tenant and landlord. The survey 
schedule that was used may be found In Appendix A. 
Fitting the Income Functions 
Cobb-Douglas functions were fitted by the least-squares 
method to the data which hed been assembled from the sample 
farms. Two functions were derived from the entire sample, one 
showing the response of crop Income to the various crop In­
puts and the second showing the response of livestock Income 
to livestock Inputs.^ 
Crop function 
The crop function which was fitted to the entire sample 
of 255 farms took the form: 
Y = 17.9 
In the above function, Y denotes the dollar vslue of 
ICrop and livestock functions were also fitted to each 
of three tenure groups into which the sample farms hed been 
divided: (1) owner-operated farms, (2) crop-share leased 
farms, and (3) livestock-share and cash leased farms. These 
results are not reported here. 
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estimated groos lucome f rom crops. This gross income includes 
the values of crop products on hand at the end of the year, 
sold, or used on the farm. Also included are certain mis­
cellaneous receipts: payments for off-farm labor and machine 
work, government conservation payments, and co-op dividends. 
Xi denotes the acres of cropland used in crop production 
during the year- Permanent pasture, woodlots, and waste 
space are excluded. 
Xg denotes the estimsted annual labor requirements for 
crop production. These requirements ore expressed in terms 
of 10-hour days. 
X3 denotes the dollBr value of annuel crop machine serv­
ices. Included are the values of crop machinery depreciation 
and repairs, machinery operating expenses, and hired machine 
work. 
X4 denotes the dollar value of fertilizer and lime 
applied during the year. 
X5 denoLes the dollar value of raiscellsneous crop capital 
services. These include expenses for seed, insecticides, 
seed treatment, electricity, and telephone service.^ 
The coefficient of multiple determination (R^) indicated 
that 90 per cent of the variation in crop income "was asso­
ciated with changes in input quantities.. As shown in Table 4, 
^The composition of these output and input groups is out­
lined in greater detail in Appendix B. 
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Talale 4. Elasticities of production and related 
statistics, crop function, 255 Tama-
Muscatine soil association farma, 1954 
Input 
category 
Elasticity 
(bi) 
Standard 
error of 
elasticity 
Level 
of 
acceptance' 
Cropland .540 .065 < .001 
Crop labor .390 .065 V: .001 
Crop machine services .165 .048 < .001 
Fertilizer and lime .012 .005 < .05 
Crop capital services .073 .028 < .01 
Total 1.180 
^Probability that the true elasticity is not greater 
than 0. 
the sum of the elasticities of production (regression coeffi­
cients) vjas greater than 1.0, and all of the individual 
elasticities were significantly greater than zero at the five 
per cent level of probability. 
The marginal value productivities of the crop Inputs at 
their geometric means were computed. These ere shown in Table 
5. 
Livestock function 
The llvestocls. function for all 255 farms in the sample 
was; 
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Table 5. Margin'5l productivities rt me?;n input levels, 
crop function, 255 Toraa-MuscPtine soil asso-
ciPtion ifir^ .s, 1954 
Input 
category 
Amount Pt the 
geon:etrlc 
mean 
Mprginrl value 
product Pt the 
geometric mean 
Cropland 
Crop labor 
Crop machine services 
Fertilizer and lime 
Crop capital services 
139 acres 
97 days 
!tl,945 
61 
359 
A 
"33.47 per acre 
$•34.64 per day 
.73 per •'!• 
-T: 1.69 p^ r ^  
t 1'75 oer v 
J =» 1.79 X4*®°^  
In the above function, Y denotes the doll?^r value of 
gross Income from livestock. Included rre the values of non-
breeding stock on hand at the end of the year, sold, or used 
on the farm, plus the values of all livestock products sold 
or used on the farm. 
X]^  denotes the dollar value of all feed fed during the 
year. Both homegrown and purchased feeds ere included. 
Xg denotes the estimated labor requirements for live­
stock production. As in the crop function, these require­
ments are expressed in terras of lO-hour days. 
X3 denotes the number of square feet of building space 
used in farm production. 
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X4 denotes the dollar value of miscellaneous livestock 
services. Included are the values of non-breeding stock on 
hand at the beginning of the year or purchased during the year; 
breeding stock depreciation; livestock machinery depreciation, 
repairs, and operating expenses; supplies and medical expenses; 
livestock commissions; and electricity and telephone charges. 
The coefficient of multiple determination (R^) indicated 
that 89 per cent of the variation in livestock income VJSB asso­
ciated with changes in the livestock Inputs in the function. 
The sum of the elasticities of production was greater than 
1.0. All of the elasticities, except that for the building 
input category, were significantly greater than zero. (See 
Table 6.) 
Table 6. Elasticities of production and related 
statistics, livestock function, E55 Tama-
Muscatine soil associstion farms, 1954 
Input 
category 
Elasticity 
(bi) 
Standard 
error of 
elasticity 
Level 
of 
acceptance® 
Feed .190 .051 < .001 
Livestock labor .360 .065 < .001 
Building space .009 .056 > .50 
Livestock capital 
services .602 .034 < .001 
Total 1.161 
^^Probability that the true elasticity is not greater 
than 0. 
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The [Jierginal value productivities of the livestock inputs 
at their geometric means were computed. These are shown in 
Table 7. 
Table 7. Marginal productivities at mean input levels, 
livestock function, 255 Tama-Muacatlne soil 
association farms, 1954 
Amount at the Marginal value 
Input geometric product at the 
category mean geometric mean 
Feed 5,839 $ .32 per t 
Livestock labor 199 days $21 .02 per day 
Building space 6,776 sq. ft. .015 per sq. ft. 
Livestock capital services •1^ 4,893 t  1  .43 per 
Adjustment of the Functions to 1955 Conditions 
The crop and livestock, functions that had been derived 
for the Tama-Muscatine soil nssociation farms v;ere used to 
lllustrete the proposed techniques for estims-cing resource 
returns when changes have occurred in price relationships 
and physical output responses to added input. In this in­
stance, the original functions were adjusted to the price and 
productivity conditions of the 1955 calendar yepr, and revised 
estimates of resource returns made. 
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Construction of the Tprlce gnd 
physical productivity indexes 
The indexes to be used for adjusting the income surfnces 
for changes occurring between 1954 and 1955 were constructed 
from data external to the v<jurvey sample itself. Most of the 
price and yield information was assembled and published by 
the United States Department of Agriculture for Iowa, the 
North Central States, and the entire nation. The components 
of each input or output group were assumed to have retained 
the same relative importance in 1955 as in 1954. Accordingly, 
no revision was made in the base weights of these input and 
output components. 
Price and physical productivity indexes for the crop func­
tion . For the component input and output groups of the crop 
function, 1955 indexes of both prices and physical input-output 
relationships were constructed. The year for which the initial 
function had been derived, 1954, was considered to be the base 
period. It was not necessary to construct indexes for the 
cropland and crop labor input categories because these inputs 
had been introduced into the income function as physical quan­
tities rather than as values. 
The data used to construct the crop output price index 
are shov/n in Table 8. Each output component was weighted by 
ite total dollar value in the entire sample of 255 farms. 
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Trble 8. Coin,)UtctlonR"l »Iata for the 1955 price 
index of crop output 
1954 
Rntio of 
1955 prloe 
Eflt. 
1955 
Price 
Inforraotlon 
Output 
component 
value 
($1000) 
to 
1954 price 
value 
(!:J1000) 
Aren 
included Source® 
Grain oorn 
Orts 
Soyceans 
1618 
341 
226 
.92 
.86 
.74 
1489 
293 
167 
Iowa 
Iowa 
Iowa 
(1) 
(1) 
(1) 
Silage and fodder 
Hay 
Rotation pasture 
Gleanlntss 
Straw 
38 
279 
58 
20 
(12) 
.92^  
.89 
.89C 
.92^  
•32 
248 
52 
18 
Iowa (1) 
Sweet com 7 .99 7 U.S. (3) 
Off-fariE work 
Custom v;ork 
Benefit payments 
Refunds 
9 
29 
(8) 
(20) 
1.01^  
1.00° 
9 
29 
lovja 
Iowa 
(7) 
(S) 
Total 2622 234-1 
aSee Table 16 for explanation of source numbers. 
^Price ratio for grain corn. 
oprice ratio for hay. 
^Unweighted arithmetic mefn of the price relativee for 
corn picking, combining, ailpge harventing, corn shelling, and 
hay baling. 
When the function was origln«illy fitted, naiscellaneoua sources 
of farm income - off-farm lebor and machine work, government 
ccnservetion payments, tax refunds, and co-op dividends - had 
been aggregated with crop output. These items were not in-
coi^porated into the index* Since no price quotations were 
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available for strsw, thie. product was also excluded frorxs the 
index. Corn pricos u-ere u^ed as estimators of the price 
changes that had occurred for silage, fodder, and gleanings. 
The estimatsd 1955 dollar values for all the crop output com­
ponents were totaled. Then the price index for the entire 
group was cozaputed pa the ratio of the total 1955 value to the 
corresponding value for 1954; 2344/2622= .89.^  
The data used to construct the price index for crop 
machine services are ssiiovn in Table 9. B'or some subgroups 
within this input group, prices of all components v/ere not 
available. Where one input item in a subgroup could be ex­
pected to predorainate, its price relative was used for the 
entire subgroup. Accordingly, the price relative of baling 
twins v£S used as that for the entire machinery supply sub­
group; similarly, corn planter prices were used to determine 
the price "subindex" for the plaiiting equipment subgroup. 
Where no one item in a subgroup was expected to be much more 
Important than any of the other items, unv;eighted arithmetic 
sverafees of the price relatives of the major components were 
computed. Price subindexes for the hired machine work, 
tillage equipment, and "other harvesting equipment" subgroups 
were computed in this fashion. The price subindex for the 
^Thia is the weighted arithmetic average of the price 
relatives (Laspeyres' formula) described in Chapter 3. 
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Table 9. Computational data for the 1955 price Index 
of crop machine services 
Ratio of Est • Price 
1954 1955 price 1955 information 
Input value to value Area 
component (!!?100) 1954 price (^ 100) included Source®^ 
Equipment deprec. 
and repairs: 
(4) Tractors 1133 1.02 1156 Cornbelt 
Trucks (crop 
(4) share) 144 1.02 147 Cornbelt 
Cars (crop 
(3) share) 158 1.01 160 U.S. 
Planting equip. 78 1.01^  79 U.S. (3) 
Tillage equip- 226 1.02° 231 U.S. (3) 
Combines 313 1.00 313 U.S. (3) 
Corn pickers 267 1.08 288 U.S. (3) 
Balers & field 
choppers 218 1.04 227 U.S. (3) 
Wagons & 
(3) trailers 104 1.02 106 U.S. 
Other harvest­
l.OS'^  ing equip. 144 147 U.S. (3) 
Manure spreaders 
& loaders 52 1.02 53 U.S. (3) 
All other 
1.02® crop equip. 75 76 U.S. (3) 
Fuel & 
lubricants 1458 1.01 1473 Iowa (3) 
®See Table 15 for explanation of source numbers. 
^Price ratio for corn planters. 
^^Unweighted arithmetic mean of price relatives for plows, 
disk harrows, cultivators, and drag harrows. 
*^Unweighted arithmetic mean of price relatives for mowers 
and side delivery rakes. 
®Weighted arithmetic mean of price relatives for all 
equipment items listed previously. 
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Table 9. (continued) 
Input 
component 
1954 
value 
($100) 
Ratio of 
1955 price 
to 
1954 price 
Est. 
1955 
value 
i t ^ ioo)  
Price 
Information 
Area 
Included Source 
Vehicle liceses 
& insurance 
(crop share) (100) 
Car oper. expense 
(3) (crop share) 349 1.01^  ^ 352 U.S. 
Machine supplies 255 .896 227 U.S. (3) 
Hauling 98 1-00 98 Cornbelt (4) 
Machine work 
1.00^  hired 324 324 Iowa (8) 
Total 5396 5457 
^Ratio of published price index of motor vehicle supplies. 
Sprice ratio for binder twine. 
Unweighted arithmetic mean of the price relatives for 
corn picking, combining, silage harvesting, corn shelling, and 
hay baling. 
fuel and lubricant subgroup was computed as the weighted arith­
metic mean of price relatives for gasoline, grease, and oil. 
The weights used to determine the relative importance of these 
components were derived from studies of the composition of 
tractor operating expense.^ No price series could be located 
^Reported by S. M. Aijaz Husain. Cost relationships in 
farm machinery use. Unpublished M. S. Thesis. Ames, Iowa, 
lov/a State College Library. 1949. p. 41. 
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for balers. Since it can be postul^^ted thnt price changes 
for heavy equipment ere similar in direction and magnitude, 
the published prices of field choppers were used to compute 
the price relative of balers. The price subindex for the 
"other crop equipment" subgroup was computed as the weighted 
aritnmetic average of the price relatives of all the other 
kinds of equipment that had been included as inputs. 
The price index for the entire crop capital services was 
the weighted arithmetic mean of the price subindexes three 
component subgroups: seed (both homegroim and purchased); 
insecticides, seed treatment, and spraying; and the crop 
share of electricity and telephone expenditures. (See Table 
10.) The anounts and kinds of seed used on the farms in the 
sample xvere not recorded. Therefore, the weights to be used 
for individual seed prices were budgeted from estimates of 
prevailing seeding rates and the total acreages of various 
crops raised by the sample farms. Electric power rates were 
used to derive the price subindex for electricity and tele­
phone costs. The 1955 price index for crop capital services 
was computed as 1243/1181 = 1.05. 
The components of the fertilizer and lime input category 
were not recorded in the survey schedules. Hence, the 1955 
index of fertilizer and lime prices had to be drawn from an 
external source. Since no index of fertiliser prices is pub­
lished for individual counties, states, or regions, it was 
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Table 10. Computational Information for the 1955 
price index of crop capital services 
1954 
Ratio of 
1955 price 
Est. 
1955 
Price 
information 
Input value 
component (^100) 
to 
1954 price 
value 
(1^ 100) 
Area 
included Source®-
All seed used 905 1.07^  968 Iowa (3) 
Insecticides, seed 
treatments, and 
spraying 85 .99° 84 Cornbelt (4) 
Electricity and 
telephone 
(crop share) 191 1.00 191 Cornbelt (4) 
®S8e Table 15 for explanation of source numbers. 
l^Welghted arithmetic mean of price relatives for corn, 
oat, soybean, red clover, alslke clover, alfalfa, and timothy 
seed. Weights are budgeted estimates. 
cv/elghted arithmetic mean of price relatives for seed 
cleaning and treating, DDT, and 2,4-D. Weights are from Wylie 
D. Goodsell. Price and quantity Information for computation 
of farm costs and returns. U. S. Department of Agriculture-
(Unpublished data.) 1956. 
necessary to use the index for the entire United States. The 
components of this published index are not likely to be the 
same as the fertilizers used on the Tama-Muscatine farms. 
However, the prices of most fertilizer materials can be ex­
pected to experience similar changes from year to year. The 
fertilizer price index, on a 1947-49 base, was 1.08 in 1954 
and 1.07 in 1955, as reported by the U. S. Department of Agri­
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culture.^ Converting this to a 1954 "base, the index for 1955 
WS.I3 .99. 
The 1955 index of physical productivity for crop output 
was the weighted arithmetic average of the 1955-1954 yield 
ratios of the component crops. Table 11 shows the data which 
were used to construct the index. It would be in error to 
use yield changes as estimators of changes in output response 
to added inputs if changes in the quantities of resources used 
have occurred. However, changes in resource-use patterns are 
not likely to be significant within the one-year time interval 
that is involved here. Where the necessary information was 
available, unweighted averages of the yields for the eight 
counties in which the sample had been located were used. 
These figures were  published for grain corn, oats, and soy­
beans. It would have been more accurate to weight the yields 
for each county by the total acreages of the corresponding 
crops found on the sample farms in that county. However, the 
resulting increase in accuracy probably would not be great 
enough to justify the extra work Involved. For the remaining 
crops, average yields for the entire state of Iowa v;ere used 
because county yields had not been published. No changes in 
"physical productivity" would be expected for the miscell-
lU. S. Department of Agriculture. The farm cost situa­
tion. (Processed report published quarterly.) May 1956. 
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Table 11. CoinputfitlonRl fiota for the 1956 phyfJlcal 
productivity index of crop output 
Output 
component 
1954 
value ((aooo) 
Rstio of 
1955 yield 
to 
1954 yield 
Price 
informotion 
Eflt. 
1955 
volue« Arer 
(^lOOOf included Source' 
Grain corn 1618 .93 1506 8 CO. (5) 
Oats 341 1.24 423 8 CO. (5) 
Soybeans 226 .78 176 8 CO • (5) 
Silage & fodder 35 .88 31 Comb el t (4) 
Hay 279 1.02 285 Iowa (5) 
Rotation pasture 58 .84 49 Iowa (2) 
Gleanings 20 .95° 19 
Straw 12 1.24"^ 15 
Sweet corn 7 .95® 7 
Off-farm work 9 1.00 9 
Custom work 29 1.00 29 
Benefit payments 8 1.00 8 
Refunds 20 1.00 20 
Total 2662 2576 
®In terms of 1954 prices. 
^3ee Table 15 for explanation of source numbers. 
^Unweighted arithmetic average of the yield ratios of all 
other crops except strew. 
<^Oat yield ratio. 
aneous sources of income that were aggregated with crop output 
(off-farm labor and custom work, government payments, tax re­
funds, and co-op dividends). So that this lack of change would 
be reflected in the index, a "yield" ratio of 1.0 was assumed 
for these Items- The index of "physical productivity" for 
the entire group was 2576/2662 = .97. 
Price indexes for the livestock function. Indexes of 
prices in 1955 were constructed for three input ond output 
groups in the livestock function: livestock output, feed 
fed, aiid julscellaneous livestock capital services. No price 
indexes needed to be derived for the livestock labor and the 
building services inputs because these two input groups had 
been Introduced into the function as physical quantities. 
Physical production responses to added livestock Inputs were 
assumed to have remained unchanged between 1954 and 1955. 
The 1955 price index for livestock output was the 
weighted arithmetic average of the price relatives for all 
the output components. Each component was weighted by its 
total value for 1954 in the sample from which the function 
had been derived. (See Table 12.) The livestock output 
index which resulted was 3777/4413 = .86. 
The 1955 price index for the feed input group was the 
weighted arithmetic average of the price relatives for feed 
raised on the farm, both grain and forages, plus the index 
of commercial feed prices. (See Table 13.) Homegrown feeds 
were priced at market rates that had been assumed for these 
same items in the crop output group. Since a complete "break­
down" of the kinds of commercial feed fed had not been re­
corded in the survey schedules, the loxva index of commercial 
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Table 12. Coroputational information for the 1955 
price index of livestock output 
Ratio of Est. Price 
1954 1955 price 1955 Information 
Output value to value Area 
component { ^.1000) 1954 price ($1000) included Source® 
End inv., sales, 
and home use: 
Hogs 2094 .71 1487 Iowa (1) 
Feeder cattle 
(1) & young stock 1862 .97 1809 low a 
Lambs 19 .97 18 Iowa (1) 
Poultry 60 1.29 77 Iowa (1) 
Products sold 
and used: 
Milk 155 .98 152 Iowa (1) 
Butterfat 97 .98 95 Iowa (1) 
Eggs 121 1.14 138 Iowa (1) 
Wool 5 .86 4 Iowa (1) 
Feed sack returns — 
Total 4413 3777 
®-See Table 15 for explanation of source numbers. 
feed prices, published by the Crop and Livestock Reporting 
Service, was used. The weights used in constructing this pub­
lished index may not reflect the relative importance of the 
feeds actually bought by the farms in the Tama-Muscatine 
sample. Yet, price changes which are indicated by the com­
mercial feed price index can be expected to be highly cor­
related with the changes that actually occur in the sample 
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Table 1-3. Computational Informstlon for the 1955 
price index of feed fed 
Ratio of Est. Price 
1954 1955 price 1955 inform{?tion 
Input value to value Area 
component (41000) 1954 price (tlOOO) included Source^ 
Corn 1248 .92 1148 Iowa (1) 
Gate 242 .86^ 208 lOXvR (1) 
Silage & fodder 33 .92^ 30 
Hay & straw 257 .89 229 Iowa (1) 
All pasture 108 .89° 96 
Gleonings 21 .92^ 19 
All commercial 
feed 209 .88 184 Iowa (6) 
^See Table 15 for explanation of source numberH. 
^Price ratio for grain corn. 
cprice ratio for hay. 
area. In constructing the overall feed price index, the com­
ponent homegrown and commercial feed subgroups were weighted 
by their respective total vsilues for the farm sample. The 
resulting index for 1955 was 1914/2118 = .90. 
The index of livestock capital services was the weighted 
arithmetic average of the price relatives for beginning in­
ventories and purchases of livestock, breeding stock depre­
ciation, livestock machinery depreciation and repairs, and 
other miscellaneous inputs. (See Table 14.) Prices were 
not published for some of the components of the various sub-
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Table 14. ComputiAuloriai liifon;:'«lori for the 195S 
price ratio of livestock cnpitnl nervices 
Input 
coEponent 
1954 
value 
($1000) 
Ratio or 
1955 prloe 
to 
1954 price 
Est. 
1955 
value 
(^1000) 
Price 
inf ortT'-tlon 
Are*; 
included. Source® 
Beginning inv. 
& purchfBOs; 
(1) Hogs 767 .71 lovs 
Feeder cattle & 
(1) yourig stock 1110 .97 1077 lown 
Laiabs 2 .97 2 Iowa (1) 
Poultry 63 1.29 68 lown (1) 
Breeding stock 
depreciation; 
(1) Milk covs 24 .96 2 Iowa 
Beef cows 14 .97 14 lova (1) 
Bulls .97 2 lov'P (1) 
Ewes rrjns 2 .91 2 Iowa (1) 
Equip, deprec. 
& repairs: 
Trucks (live­
(4) stock share) 12 1.02 12 Corntoelt 
Cars (live­
(3) stock share) 14 1.01 14 U.S. 
Feed grinders 9 1.05 9 U.S. (3) 
Livestock 
1.02^ (3) equipment a S U.S. 
Vehicle licenses 
& insurance 
(livestock 
share) (2) 
®See Table 15 for explanation or source numbers. 
^Unweighted arithmetic mean of price relatives for cream 
separators, milker units, milker pump installations, and 
electric brooders. 
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Table 14. (Continued) 
Ratio of Est. Price 
1954 1955 price 1955 informstion 
Input value to value Area 
component (^^1000) 1954 price ($1000) included Source 
Car oper. 
expense (live­
(3) stock share) 29 1.01 29 U.S. 
Veterinary & 
(4) breeding fees 54 1.02 55 Cornbelt 
Livestock 
supplies 16 1.02 16 Cornbelt (4) 
Commissions & 
transportation 25 .83° 21 
Electricity & 
telephone 
(livestock 
share) 17 1.00 17 Cornbelt (4) 
Total 2148 1906 
®V/elghted arithmetic mean of price relatives for hogs 
and cattle. Weights are the values of hog and cattle sales 
and ending inventories in the farm sample. 
groups forming this livestock capital group. Subgroups for 
which prices were lacking included medical expenses, live­
stock supplies, and telephone and electricity expense. V/ith­
in each of these subgroups, the expense item that was con­
sidered to be of modal inportance was selected and its price 
relative used for the entire subgroup. The weighted price 
relatives for hogs and cattle were used to derive the changes 
in value of livestock commissions and transportation fees. 
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Table 15- Key to the sources of information used 
to derive price and productivity indexes 
Number Source referred to by the number 
(1) Prices of Iowa farm products (1930-1955). 
Iowa Farm Science 11:188. 1956. 
(2) U. S. Department of Agriculture. Crop pro­
duction. (processed report published 
quarterly.) 1956. 
(3) U.S. Department of Agriculture. Agricul­
tural prices. (Processed report published 
monthly.) 1954, 1955. 
(4) Wylie D. Goodsell. Price and quantity 
information for computation of farm costs 
and returns. U. S. Department of Agricul­
ture. (Unpublished data.) 1956. 
(5) Iowa Crop and Livestoclt Reporting Service-
Annual farm census: 1954, 1955. Iowa 
Department of Agriculture Bui. 92. 1955, 
1956. 
(6) Iowa Crop and Livestock Reporting Service. 
Iowa farm commodity price report. (Mimeo­
graphed report published monthly.) 1954, 
1955. 
(7) U. S. Department of Agriculture. Farm labor. 
(Mimeographed rer)ort published monthly.) 
1954, 1955. 
(8) Ray E. Armstrong and Dale 0. Hull. Farm 
custom rates for 1955. Iowa Farm Science 
9:13-14. 1955. 
Roger Yoerger and Dale Hull. Custom rates 
for 1954. Iowa Farm Science 8:12-13. 1954. 
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The index for the entire livestock capital input group turned 
out to be 1906/2148 = .89. 
Ad.lustment of the Income equations 
The indexes of prices and physical production response 
that have been constructed in the preceding section were 
introduced into the original crop and livestock income func­
tions for 1954. The coefficients of these functions were 
then adjusted so that estimates of resource returns for 1955 
could be made directly from the functions. 
It has been demonstrated in Chapter 2 that the adjustment 
for the "a" coefficient in the Cobb-Douglas function to 1955 
price and productivity conditions is: 
4i955) - ®(1955) ^y ^y j ~ J L  A 
*1(1955) Xn(1955) 
Similarly, it has been shown that no changes in the "b" co­
efficients take place. 
The adjustment of the "a" value in the crop function was: 
^(1955) = •89)( .97) 
(1.00) •®^°(1.00) •^®®( .99) 
15.4 
and the adjustment of the "a" value in the livestock function 
86 
was: 
®(1955) " 1 *86) (1.00) 
1 
(.90)-1^0(1.00)•^®°(1.00).89)' 
Therefore, the crop function for 1955 becpme 
Y - 15.4 
and the livestock function for 1955 became 
Y - 1.68 
1.68  
Estimates of Resource Returns 
The original income functions were used to derive esti­
mates of gross income, net Income, and marginal value produc­
tivities for 1954. In making these estimptes, Inputs were 
assumed to be at their geometric means. Then corresponding 
estimates of resource returns for 1955 were made with the 
adjusted income functions. 
Gross incomes 
Gross incomes for 1954 were estimRted by introducing the 
mean input values into the crop and livestock functions and 
solving with the use of logarithms. Corresponding estimates 
for 1955 were made by introducing the 1955 mean input values 
(representing the same physical quantities as the 1954 input 
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values) into the adjusted crop and livestock functions. The 
resulting gross income estimates are shown in Table 16. 
Net incomes 
Net incomes were computed for the crop and livestock 
enterprises by subtracting estimated expenses from the appro­
priate gross income values. Charges for lend, labor, and 
capital services were included ss expense items. The net 
income figures, therefore, denoted returns to management plus 
interest on capital investment. 
In estimating crop and livestock expenses, inputs which 
had been expressed in the income functions as physical quan­
tities needed to be converted to their corresponding dollar 
values. Inputs that required such conversions included crop 
and livestock labor, cropland, and building space. 
To estimate the 1954 labor charges, the mean number of 
required 10-hour days on the Tama-Muscatine sample farms was 
multiplied by the average wage rate paid by these same farms 
for hired labor in 1954. The corresponding labor charge for 
1955 was obtained by multiplying the 1954 charge by the Iowa 
index of farm wage rates.^ 
^Reported by U. S. Department of Agriculture. Farm 
labor. (Mimeographed report published monthly.) 1954, 1955. 
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Table 16. G-roas aiid net Income estimates from Initial 
and revised Income functions, 255 Tama-
Muscatine soil assoclBtion farms^ 
Item 
Dollars 
1954 1955 
Crot? function 
Gross crop income 
Values of crop inputs 
Cropland 
Crop labor 
Crop machine services 
Fertilizer and lime 
Crop capital services 
Net crop income^ 
Livestock function 
Gross livestock income 
Values of livestock inputs 
Feed 
Livestock labor 
Building space 
Livestock capital services 
Net livestock income^ 
8616 
2104 
952 
1945 
61 
-359 
•3195 
11617 
6839 
1952 
1355 
4893 
-3422 
7447 
2167 
961 
1964 
60 
377 
1918 
9984 
6155 
1972 
1389 
4355 
-3887 
Net farm Income® - 227 
Net returns to operator for 
labor, capital investment, 
and management 2677 
-1969 
963 
^-Estimates are at the geometric means of physical inputs 
for 1954. 
^Returns to management and interest on capital investment. 
®Sum of net crop income and net livestock income. 
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The charge for cropland services in 1954 was computed ps 
the average croplsnd acreage on the Tema-Muscetine fprms 
multiplied by the average cash rental rates paid by the oper­
ators of these farms. The 1966 charge wps made by nrljusting 
the 1954 land charge by the ratio of 1965 land prices to 1954 
land prices in the eastern livestock, area of lowa.^ 
The 1954 charge for building services was computed as 
the product of the average squere feet of building space per 
farm and an annual chsrge per square foot for depreciation and 
repairs. The charge per square foot was based on estimates 
of total construction and repair costs, allocated over an 
assumed average building life of 20 years.^ The United 
States index of prices paid for farm building and fencing 
materials was used to adjust the building chnrge to 1955 
price conditions. 
The separate net incomes for the crop and livestock 
enterprises were added together to give a net income figure 
for the entire farm business. (See Table 16.) This pro-
^Reported by William G. Murray and J. Dean Janaraa. Iowa 
farm values: up in 1955. Iowa Farm Science 11:171-172. 1956. 
c 
Cost estimates were provided by T. E. Hazen. Informa­
tion on the construction costs of various farm buildings. 
Agricultural Engineering Department, Iowa State College. 
(Private communication.) 1955. 
^Reported by U- S. Department of Agriculture. The farm 
cost situation. (Processed report oublished quarterly.) May 
1956. 
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cedure aoBuines that relationships between the crop end live­
stock enterprises are additive and not interdependent. 
Beringer has concluded that this assumption is repsonably 
accurate when Inputs are measured as physical quantities or 
as constant dollar values, rather than in terms of actual 
opportunity costs on the farms themselves.^ 
Net Incomes (returns for management and capital invest­
ment) from livestock production and. In turn, from the entire 
farm business were negative in both years. This suggests 
that charging the land, labor, and capital services used at 
market rates has overestimated the productivities of these 
resources. However, operators of the Tama-Muscatine farma did 
receive positive returns when the values of their labor are 
added to the net returns for management and capital invest­
ment. (See Table 16.) 
Marginal value productlvltiea 
The marginal value productivities of the crop and live­
stock Inputs were computed at the geometric mean levels of 
Input use on the Tama-Muscatlne farms* These values are 
Ichristoph Beringer. Problems In finding a method to 
estimate marginal value productivities for input and Invest­
ment categories on multiple-enterprise farms. In Heady, 
Johnson, and Hardin, og,. clt•. pp. 106-11-3. 
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shown In Tabls 17. It is interesting to note that, even 
though the prices of some inputs fell from 1954 to 1955, 
the declines in yields and product prices were great enough 
to result in lower marginal productivities for all crop and 
livestock. Inputs in 1955. 
Table 17. Marginal value productivities from 
initial and revised income functions, 
255 Tama-Muscstlne soil association ferrcs 
Marginal value 
productivity^ 
Input Units 1954 1955 
Crop function 
Cropland 
Labor 
Machine services 
Fertilizer and lime 
Crop capital services 
Livestock function 
Feed 
Labor 
Building space 
Livestock capital services 
%/acre 
i/lO-hr• day 
-VlO-hr. day 
!^/sq. ft. 
33.47 
34.64 
.73 
1.69 
1.75 
.32 
21.02 
.015 
1.43 
28.93 
29.94 
.63 
1.49 
1-44 
.31 
18.06 
.013 
1.38 
^Estimates are at the geometric means of physical inputs 
for 1954. 
Comparison of Changes in Returns with the 
Results of Other Studies 
The estimates which were made with the use of adjusted 
income functions indicated that both gross and net incomes 
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were lower In 1955 than in 1954 on farms in the Taraa-Muscatlne 
soil asaocie.tion area. Did incomes on these farms really de­
cline from 1954 to 1955? 
To test the accuracy of the estimates from the adjusted 
income equations, the most straightforward procedure would 
be to resurvey the farms in the original sample and derive 
new income functions from which income estimates could be 
made. This would make certain that the Incomes being com­
pared are for the same group of farms in both years. 
Income estimates from other studies may provide a rough 
check, on the accuracy of the estimates from the sdjusted in­
come functions. Some bias is likely to occur because the 
farms included in these other studies will not often be the 
same as those used for deriving the original income equations. 
However, this bias is not apt to be serious if farms in the 
geographical area originally studied are relatively homo­
geneous with respect to enterprise combinations, resource 
combinations, and physical resource productivities. 
The changes in resource returns indicated by the Tama-
Muscatine functions were compared with the results of two 
other studies; (1) farm accounts kept with the Iowa Farm 
Record Association and (2) estimates made by the United States 
Department of Agriculture for hog-beef fattening farms in the 
Cornbelt. Comparisons of changes in gross Incomes and net in­
comes were made among these studies. (See Table 18.) 
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Table 18. Income changes shown by Tama-Muscatlne 
Income functions compared with changes 
indicated by other studies 
Income per farm 
(dollars) 
1954 1955 
1955 Income 
as per cent of 
1954 Income 
Gross income 
Tama-Muscatlne farms 
Iowa record assocla-
tlon farms® 
Cornbelt hog-beef 
fattening farms® 
Net Income^ 
Tama-MuBcatine farms 
Eastern Iowa livestock 
area record associa­
tion farmsfi 
Cornbelt hog-beef 
fattening farms" 
20233 
17696 
21345 
2677 
9303 
8833 
17431 
12339 
16266 
963 
2919 
3862 
86 
70 
76 
36 
31 
44 
B. Howell- Farm Income and costs - 1954, 1955. 
Iowa Farm Science 10:91-92, 11:279-281. 1954, 1955. 
^Wylle D. Goodsell, W. Herbert Brown, Herbert C. Fowler, 
Erllng Hole, Edgar B. Hurd, James Vermeer, and Isabel Jenkins. 
Farm costs and returns, 1955, (with compsrisons), commercial 
family-operated farms, by type and location. U. S. Department 
of Agriculture Inf. Bui. 158. 1956. 
^Returns to labor, management, end capital. 
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Gross Income comparisons 
Gross incomes for both the Iowa record association and 
the hog-beef fattening farms were the sums of the values of 
(1) sales of livestock, livestock products, and crops; (2) 
products used in the farm home, (3) net increases in inven­
tory; and (4) miscellaneous farm receipts. Both studies 
showed gross incomes to be lower in 1955 than in 1954; in­
comes in 1955 were 70 and 76 per cent of 1954 incomes on the 
record association and hog-beef fattening farms respectively. 
In computing giross incomes for the Tama-Muscatine group, 
the gross crop and livestock incomes associated with the mean 
levels of input use, as estimated by the crop and livestock 
income functions, were added together. (These are the gross 
incomes reported in Table 16.) The resulting income figure 
included the values of (1) crops produced (including those 
fed on the farm); (2) livestock and livestock products sold, 
used in the home, and on hand at the end of the year; and (3) 
miscellaneous farm receipts. The Tama-Muscatine figure in­
cluded, therefore, two items which were not components of the 
income figures for the record association and the hog-beef 
fattening farms; (1) crop output that was not sold, but used 
on the farm, and (2) ending inventory of livestock. 
Adjustment of the income functions showed 1955 gross in­
comes on the Tama-Muscatlne farms to be 86 per cent of 1954 
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Incomes. Thus, a decline in gross income was indicated by 
all three studies. However, the Tanis.-Muscatine study showed 
a smaller decline than did the other two studies. Differences 
in the composition of the income figures may explain part of 
this. The over-all decline In prices in the Cornbelt from 
1954 to 1955 was less for crops than for livestock. The fact 
that the Tama-Muscatine estimate included the value of all 
crops produced, while the other estimates included only the 
values of crops sold, causes this income figure to be more 
heavily weighted by crops. Therefore, under the existing 
price relationships a smaller change may be expected in the 
Tama-Muscatine estimates (because crop prices fell leas than 
livestocic prices) . Partially offsetting this, however, is the 
effect of the ending inventory of livestock (with its greater 
price decline) that was Included in the Tama-Muscatine gross 
Income figure. Further explanation of these differences in 
the degree of estimated Income change may be found in the 
kinds and relative Importance of the crops and livestock on 
the farms in these studies. 
Met Income comparisons 
Changes in net income between 1954 and 1955 that were 
estimated by the adjusted Income functions (see Table 16) 
were also compared with corresponding estimates from the Iowa 
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farm record and Department of Agriculture studies. 
Net income for the Tama-Muscatine farm group was computed 
by subtracting from mean gross income the market values of 
(l) land services, (S) machinery services, (3) fertilizer and 
lime, (4) all feed fed, (5) building services, (6) beginning 
livestoclt inventories, and (?) miscellaneous capital services 
(all at their mean levels of use). The residual, therefore, 
denotes an estimate of the returns to labor end management, 
plus interest on capital investment. It will be noted that 
feed grains and roughages which had been raised and fed on 
the farm were included as components of both feed inputs and 
crop output. These "canceled out" when expenses for the 
entire farm v;erG subtracted from gross income for the entire 
farm. The resulting net income figure, therefore, reflected 
only the difference between the values of primary inputs and 
final production. Similarly, the beginning and ending live­
stock inventories in the functions "canceled out" so that 
only net changes in inventory were reflected in the net income 
figure. 
Corresponding net income estimates for the Iowa record 
association farms and the hog-beef fattening farms were used 
as "checks" on the Tama-Muscatine net income figures. 
Strictly speaking, the figures from these other tvro studies 
were not comparable with the Tama-Muscatine figures. The net 
income estimates for the studies being used as checks denoted 
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Interest on investment plus returns to menageraent and farm 
family labor. As indlopted above, the Tnma-Muscatlne net in­
comes Included returns to hired labor In addition to the labor 
furnished by the operator and his Aamily. Since, however, most 
of the labor inputs on these Cornbelt farms ere provided by 
the operator' and his I'aniily, this Inck of correspondence in 
the net income figures is not liliely to affect seriously the 
relative changes in returns from year to year that are indi­
cated . 
The results of these "check" studies supported the direc­
tion of change in net Income that had been Indicated by the 
Tama-Muscatine figures. Net incomes in 1955 were estimated 
to be 36 per cent of 1954 net incomes on the Tsma-Muscatine 
farms, 31 per cent of 1954 net incomes on the Iowa record 
association farms, and 44 per cent of 1954 net incomes on 
the hog-beef fattening farms. 
Thus, if the results of these coinp^rlsons are at all 
indicative, the adjustments that ^^ere made in the Tama-
Muscatine income functions appear to allow reasonable esti­
mates of the changes in resource returns that took place be­
tween 1954 and 1955. 
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SUMmY AND CONCLUSIONS 
This study has explored the feaBibility of using Income 
Inunctions to estimate resource returns when the price and 
technical relationships under which the functions are initial 
ly derived have changed» This concluding chapter reviews the 
highlights of the study. Some of the potentialities and 
limitations of possible procedures for adjusting income func­
tions to changes in income response to added inputs ere 
pointed up. At the same time, related problem sress that 
might be worthimile investigating in future studies are sug­
gested . 
Summary of the Study 
In tackling the problem of adapting income functions to 
changes in prices and physical production responses, the 
alternative procedures that are conceptually possible were 
first considered. The most useful of these ideas were then 
demonstrated with income functions that had been fitted to 
real farm input-output data. 
Conceptual development of 
the ad.lustment procedures 
It was observed that shifts in farm income responses to 
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added inputs can result from either or both of two kinds of 
changes: (1) changes in resource and product prices and (2) 
changes in physical production responses to added inputs. 
The problem of adapting income functions to these changes 
was considered in two parts: (1) estimating the direction 
and extent of change in prices end physical productivities 
and (2) Introducing these changes so that they are reflected 
In the estimates of resource returns. 
Estimating the degree of change in prices and physical 
oroductivitles. Because of limitations in the mathematical 
techniques used to fit income functions, individual farm in­
puts (or outputs) are pooled together into a few input (or 
output) groups. This makes it necessary to derive price and 
physical productivity indexes for each input or output group 
that has been incorporated into an Income function. Estima­
tion of these indexes was seen to involve two subproblems: 
(1) selection of the most appropripte price and yield-response 
information and (2) selection of the most sultnble indexing 
scheme. 
It was conceived that price and yield-response informa­
tion x^hlch corresponds to the geographical location, time, 
and kinds of inputs and outputs associf:ted with any income 
function is not always available. The possibility of using 
data which do not correspond exactly to those in the income 
functions was investigated by estimating the degree of asso-
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elation of historical prices and yields among different geo­
graphical locations and among similar items. Such correlations 
were made for several farm inputs and output items. It was 
concluded that, for many inputs and outputs, changes in 
prices or physical output responses may be estimpted with 
reasonable accuracy by substituting data from other geograph­
ical locations or from similar kinds of items. 
Several possible schemes for estimating price or produc­
tivity indexes were considered. Use of a weighted arithmetic 
mean of the price relatives of the component items (Laspeyres* 
index) appeared to be as suitable as any scheme for the 
limited weighting information that is likely to be available. 
The xtfelghts used would be the dollar values of the inputs or 
outputs of which the index is composed. It was suggested that 
certain unweighted indexing schemes may be resorted to with­
out serious consequence when the needed weighting information 
is not available. 
Ad.1usting estimates for changes in prices and rihysical 
productivities. It was suggested that the price and physical 
productivity indexes which have been derived for each output 
or input group may be used to revise estimates of resource 
returns in any of three ways: (1) adjustment of the farm 
observations to which the original functions have been 
fitted, (2) adjustment of the parameters of the original 
estimating equations, or (3) adjustment of the original 
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estimates of gross Income and msirglnal value productivity. 
Adjustment of the parameters of the estimating equations 
seemed to be the most epsily applied procedure when estimates 
are to be mode for several points on the income surface. The 
procedure in which the original estimates of resource returns 
are adjusted seemed to be useful when only one or two points 
on the income surface are involved. Adjustment of the orig­
inal observations, although requiring more work than the 
other procedures, was found to be more flexible in that it 
allows adjustments to be made for nonproportlonal shifts in 
income surfaces. There seemed to be no reason why these ad­
justment procedures cannot be applied to any mathematical 
relationship that might be used to fit the income surfaces. 
An example in which three functions - the exponential (Cobb-
Douglas), a modified exponential, and a simple quadratic -
were fitted to hypothetical data gave results which were con­
sistent with this hypothesis. 
Illustration of the adjustment procedures 
Construction of the price and physical productivity 
indexes and the use of these indexes to adjust estimates of 
resource returns v;ere illustrated with actual farming expe­
riences in the Tama-Muscatine soil association area of east-
central Iowa. Cobb-Douglas production functions were derived 
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for the crop and livestocli enterprises from survey information 
which had been collected from a sample of farms in this soil 
area for the 1954 calendar year. Indexes of the changes in 
prices and technical relationships that had occurred between 
1954 and 1955 were constructed for every input and output group 
In the functions. These Indexes were used to adjust the co­
efficients of the 1954 income functions so that resource 
returns for 1955 could be estimated. 
To test the accuracy of the adjustments which had been 
made in the Tama-Muscatine income functions, it would have 
been necessary to resurvey the original group of farms and 
derive completely new income functions. The current study 
did not atternpt to make this comprehensive a test. However, 
a rough check on the accuracy of the adjustments was made by 
con^jarlng the estimated changes in gross and net incomes 
with parallel estimates from two other studies of Cornbelt 
farms. The estimates from the Tama-Muscatine functions showed 
both gross and net Incomes to be lower in 1955 than In 1954. 
The two studies being used as "checks" also showed income 
reductions in 1955. Moreover, the estimated degrees of 
change (percentagewise) were about the same for all three 
studies. These results, therefore, support the contention 
that income functions can be used to provide estimates of re­
source returns even when changes in prices and production 
responses have occurred. 
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Limitations of the Adjustment proceduress 
Application of the proposed adjustment procedures to 
the Tama-Muscatine farms pointed up a number of limitations 
in the information that is conventionally assembled from 
farming experiences, as well as in published aggregative 
data, which may create biases in the revised estimates of 
resource returns. 
price and yield data were not published for geographical 
areas which corresponded exactly to the universe of farms 
for which the functions had been derived. Since price 
changes for many input and output items tend to be in the 
same direction and magnitude from region to region, this lack 
of correspondence between actual and published prices is per­
haps not too serious. However, because yield changes gen­
erally are not similar from place to place, lack of appro­
priate yield information may be critical to the accuracy of 
the adjusted estimates of resource returns. 
The empirical illustration also revealed that corres­
ponding price series were not published for some of the input 
and output components that had been recorded in the farm sur­
vey schedules. This deficiency was especially acute for farm 
inputs. For several items, such as certain kinds of machin­
ery, price series were simply not published. Other items had 
been grouped together in the survey schedules so that the 
104 
nature and relative liuportnnce of the coraponentT of these 
groups could not be ascertained later. Theoo restrictions 
suggest that, an for aa studies involving Gotlra«?tes of re­
source returns nre concerned, public funds which pre used to 
assQtoble price series might be productlvelj'' reallocated so 
that the price information which is available for farm re­
source items is more complete, relative to that for form 
products- Moreover, survey schedules used to assemble farm 
input-output date might be designed so that the recorded items 
correspond more nearly to available price data. Where it is 
found necessary to group items together in the survey schedules 
the items might be selected so that the resulting groups cor­
respond more closely to those for which indexes are Dubllshed. 
One of the reasons for undertaking to adjust income 
functions so that they may be used for other price and pro­
ductivity situations was the saving in time needed to derive 
new functions "from scratch". The illustration that was used 
in this study displayed the fact that some historical price 
and yield information for any given period may not be pub­
lished until a year or two later- This lag in the publica­
tion of data means that, because less comprehensive data and 
subjective guesses need to be relied upon, revised estimates 
of resource returns may not be very accurate when made for 
recent periods. This loss in accuracy may even make it worth­
while in some case to resurvey the farms for which estimates 
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are being made to obtain appropriate price and yield Informa­
tion. (It xvould not be neceseery to collect all the kinds of 
information that viere used to derive the origlnel income func­
tions.) This survey could be made only at the expense of 
reducing the number of continuing estimates that any one re­
search agency could undertake. 
Also found to be insufficient were estimates of changes 
in the quantities of resources used on the farms under study. 
These quantities were needed not only to weight the compo­
nents of the various price and p'nysical productivity indexes 
but also to determine the correct input values to be intro­
duced into the functions when Incomes v;ere being estimated. 
In the absence of suitable data, it was assumed in the illus­
tration for Iowa farms that the physical quantities of input 
items remained unchanged. This assumption is likely to give 
misleading results, especially when the adjustments cover 
large time Intervals. Aggregate figures which describe total 
sales and purchases of farm resources may be helpful for dis­
covering changes in input combinations. However, these data 
are not available for many input items. Furthermore, reliable 
estimates are not likely to be published for the most recent 
time periods or for future time periods. This lack of know­
ledge suggests a need for additional study of the factors 
which influence the quantities of inputs used by farmers. A 
fair amount of research has been devoted to study of the 
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response of agricultural production to changes in price rela­
tionships (aggregate supply studies). Sinillarly^ a great deal 
of attention has been paid to describing trends in resource 
use. let, attempts to estimate demands for farm factors of 
production have been infrequent. One such study, in which a 
demand schedule for nitrogen fertiliser was estimated, has 
been completed recently in lowa.^ Investigations of this sort 
would be helpful for discovering the appropriate input quanti­
ties to use when estimating resource returns from adjusted 
income functions. 
Potentialities of the Adjustment Procedures 
Despite the existing data limitations, the idea of adjust­
ing income function estimates to changes in prices and tech­
nical relationships holds some very useful possibilities. By 
making appropriate adjustments in the initial estimating 
equations, the need for "going b&ck to the farm" for more 
input-output and price information is eliminated. These 
adjustments make it possible, within the confines of a fixed 
research budget, to build more comprehensive series of income 
functions for various soil types, geographical regions, tenure 
A. Anderson, L. E. Cairns, E. 0. Heady, and E. L. 
Baum. An appraisal of factors affecting the acceptance and 
use of fertilizer in Iowa, 1953. Iowa Agr. Exp- Sta. Special 
Report 16. 1956. 
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groups, or type-of-farming groups. These functions may in 
turn be used to establish overall guides for the allocation 
of agricultural resources, both within and among the groups 
for which the functions have been derived. 
Some existing farm income and expense studies would 
lend themselves well to the establishment of continuous esti­
mates from income functions. The Depertment of Agriculture, 
for example, over the last two decades has estimated net fsrm 
incomes, "production per man", and related indicators for 
various "type-of-farming" areas throughout the United States-
These results are reported annually.^ Estimates '^re con­
structed and revised each year by drawing on several sources 
of information from the regions concerned: census results, 
mailed questionnaires, farm accounts, farm surveys, and the 
2 
results of experiments. The information which is assembled 
for these studies could be readily adapted for use in income 
function estimates. In this way the usefulness of the results 
of these studies may be greatly expanded without involving 
much additional effort. For one thing, returns to individual 
^The most recent of these reports is by Wylie D- Good-
sell, W. Herbert Brown, Herbert C. Fowler, Erling Hole, Edgar 
B. Kurd, James Vermeer, and Isabel Jenkins. Farm costs and 
returns, 1955, (with comparisons), commercial family-operated 
farms, by type and location. U. S. Department of Agriculture 
Inf. Bui. 158. 1956. 
^Wylie D. Goodsell. Costs and returns on family-operated 
farms by type, size, and location. (Unpublished manuscript.) 
U. S. Department of Agriculture. 1956. 
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factors of production might be estlrapted and compared both 
within and among "type-of-fnrmlng** arens. Slmllnrly, the Ira-
pact of chenges In resource comblnfttlons and Intensities on 
net returns In farming may be studied. 
In summary, the results of this study suggest thpt, even 
though all the required background Information Is seldom 
available, reasonably accurnte eotlmctes of resource returns 
can be obtained from Income functions that have been adjusted 
for changes In prices and physical production responses. The 
application of these adjustment procedures may, therefore, 
greatly broaden the capabilities of income functions aa tools 
of economic analysis. 
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APPENDIX A. SURVEY AND SUMARY FORMS USED IN 
THE TAMA-MUSCATINS ILLUSTRATION 
1 
Confidential Farm No., 
Enumerator 
Date 
FARM MANAGEMEHT STUDY 
Conducted by the Department of Economics and Sociology 
Iowa State College, Ames, Iowa 
I. GENERAL IHFOEMATION m 
19^ Calendar Year ^ 
Operator Town County_ 
Acres; owned rented total. 
Tenure Status; owner-operated 
cash leased 
crop-share leased 
livestock-ahare leased 
Share Leasing Arrangements 
Share on: corn ^ Cash rent on: 
oats ^ hay and. pasture $ per acre 
soybeans ^ buildings $ ^per acre 
hay 
other ^ 
1K)TE: If share leased, get actual leasing arrangements. If otherwise, 
erct^ . 

Acres; owned rented total 
Tenure Status; owner-operated 
cash leased 
crop-share leased 
livestocl:-share leased 
Share Leasing Arrangements 
corn 55 Cash rent on; 
oats hay and pasture $ per acre 
soybeans buildings $ per acre 
hay 
other 
% • 
NOTE; If share leased, get actual leasing arrangements. If otherwise, 
get estimated share rental values and cash rental values (as If 
the operator were share renting). 
Cash Leasing Arrangements 
(If cash rented) Rental rate was $ per acre or $ per farm. 
(If actually owned or share rented) How much would this farm rent for 
if it were rented out on a cash basis? $ per acre. 
NOTE; Throughout this schedule, columns enclosed 
by double lines are not to be filled in by 
the enumerator in the field. 
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II. CROP 
I 9 5 I +  C a l i  
Crop 
•
p •H M
 
! 
Acres 
3/ 
Quantity 
•
p •H M
 Beg. 
Inv. 
Jan.l 
1951+ 
Produced ! i 
Isold 
1 
i Fed 
•
p •H M
 
Total 
Share 
Ten­
ant 
to: jPur-
SLand-oihased 
lord 1 
1 ; from 
irotalj Ten- I 
! 1 ant 
Grain com bu. 1 t  i  »  >  ;  
Oats bu. 
^ ^ 1 
Soybeans bu. * < i f i 
Barley bu. 1 ; i ! : \ •• 
Vheat bu. t 
t 1 
Silage tons 1  
Fodder tons 1 j 
Legume hay tons i  ,  \ 1 
Oat hay tons j 1 
Other hay tons i I I 
1/Rotation pasture $ 1 ** 1 i ** ** 1 1 i : t 
1/Permanent pasture $ i ** I i i ** ** ? i 
l/Pields gleaned $ * *  1  ** i 1 j ** ** 1 i 
I i ? 
Potatoes Ibu. 1 
Other crops 
j 
X j 1 j 
1 t 
2/Garden and orchard % ** \ 1 ** ** 
2/Woodland ** 1 ** ** ** 1 ** i 
Idle cropland ** i ** 1 ** ** 1 ** ** * * § * * ;  
All other ** 1 ** 1 ** "K n **• ** 1 ** i 
Total 1** * *  1  * *  1  * *  ** 
\t \e. J  w  i V  • *7* f * 
I i 
1/ Rental value only. Be sure to fill in even if the farm is owned. 
2/ Get value of product from operator. 
3/ Give details of instances in which some of the acres started were not harvested. 
Also, indicate where more than one crop was grown on the same field. 

II. CROP RECORD Farm No. 
195^ Calendar Year 
Lty Value ($) ' 
I 1 Fed lUsed End. 
Inv. 
Jan.l 
1955 
•Beg. 
Inv. 
Jan.l 
195^ 
Produced ; 
Pur- 1 Sold 
chased 
: I 
Fed Used 
in 
House­
hold 
End. 
Inv. 
Jan.l 
1955 
?ur-
lased 
ISold 1 ifrom i in 
1 iTotali Ten- fiouse-
iant jhold 
Total 
3hare 
Ten­
ant 
to: 
Land­
lord 
rotal 
from 
Ten­
ant 
\ !  '  
i ! i 
I  i  1  i  
j  :  j  
i ' 1 
1 ; t  I  
i r i 1 i !  1  i  1  : I t 
i r : : :  s  i j :  1  i i :  t  t i 
:  i  I i i i 
! ! ! 
j  i i 
1  ! j  i  :  :  •  1  
1  j  \ t  t  j  ; I 
J i i  1  •  
** ** ! ' 1  i  * *  1  * *  vTTr 1 - -• !•—•** !•**•' 
** 
** ; it* ** t  IMf : ft* j j ** : ** 
** * *  I  * *  1  f r ' f f r  T T ' I T  t j  j  * *  I  * *  
t  s  5  i  !  1  •  t  :  !  
' f  ^ 1 
t  t  :  1  i l l !  
1  i  1  1  1  1  
i  i  i i 
I i 1  1  i  I i  
•** * *  i  ^  j  * *  * *  i  1  1  * *  ** W.W- it i  * *  1  
** * *  j  * *  i  * *  * *  1  * *  1  
* *  1  i  j  * *  * *  * *  i  * *  * *  1  * *  
* *  * *  i  * *  1  * *  ** ** * *  1  * *  1  * *  * *  1  * *  ** t* : w \£ \f \t ^Ljd. **7v t TTTT 
** * *  1 ^  ** ** KJ At W \J %J t/. i t ' ^  w  %J \T ** \t 1/. ; ** s» •JCTT WT 
* *  * *  ! * * ! * *  ! * *  * *  1  • !  i  
1  :  
: 
t  
i  
owned • Credits i 
Debits 4 
Net $ 
d were not harvested, 
me field. 
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Illi LIVESTOCK RE( 
195^+ Calendar Yes 
Beg. Inv, (, Tan. 1, 1951^ ) 
i 
1 
Purchased 1 
Kind 
No. 
Total 
Value $ 
Tenant Share 
No. Value 1 No. 
$ 1 
Total 
Value 
$ 
Value 
$ 
Spring pigs t j 
Fall pigs t 
Sows and boars 
: 
Feeder cattle 1 :  
Feeder calves 
Milk cows j 
1 yr. dairy stock 1 
2 yr» dairy stock 
Beef cows J 
1 yr. "beef stock i 1 
"2 yr. beef stock i 
Tulls (all) ! 1 
1 
Feeder lamibs 1 i j 
Other sheep I t t 
Horses 
Hens [ 
Cockerels & pullets | i 
1 i 
Other livestock \ 1 i 
I I t 
Milk (ats.) 1 ** ** ** •** ** ** 1 
fcatterfat (lbs.) \ ** ** ** ** ** ** 1 
Eg^s (doz.) 1 ** ** ** ** ** ** i 
Otiier l.s. products ** ** ** ** j ** ** 
Total 1 ** ** ** I 

Farm No. 
Illi LIVESTOCK RECORD 
195'+ Calendar Year 
•chased Sold 
Used in 1 Ending Inv. 1 
Household 1 (Jan. 1 ,  1 9 5 5 )  
Value 
$ 
No, 
Total i Teaai 
Value 1 
$ 1 
at Share 
Value $ • No. 1 Value No. ! V^ue f i $ 1 1 i  
1 ; • » 
! : : 1 
i  1 i  \  1 
1  1 5  i  
t  :  :  1  
2 i • i 
{ 1  1  i  
1 i i 1 
j  t i t  1 : : j 
1 J 
; l s • — " i i i 
: j \ i 
1 j 1 
: i i ^ i ^ 
1 J ! J ^ 1 \ ' 
i i : 1 
1  ^  ^  !  
i f ' -
-
1 : t ; ; t : : 
i i 1 ! ' 
i f  J  i  ;  
t  
i : i : 
?  i  !  i  i  
\ i j : 
t  t  : i \ I  
—1— • — • — -i 
^  1  ^  
i  : i. : 1 : 
** 
:  t  
t  1  
1 
* *  j  * *  t  
** I t ** i • ** i 
** i 1 ** I ** j 
** t  t  
1  •  ; j 
W W- ** TVW TTTT J * 
< u  s *  r  w  w  i i i ** j * *  1  
Credits ^ 
Debits $ 
Wet $ 

J^im Ho, 
IV. LABOR USED ON THE FAEM 
195''- Calendar Year 
Itm 
Rate 1  Man \ Per Cent 
with Iwith-lEquivalent jUeed on: Value ($) 
Board out 
Board 
Days 1 y tenths 2 /  Crops, 
Live-
stool Total. 
1 
jLive-
Crops 1 stock j 
Operator ** ** 
1  i  
** ** i  
Operator's wife -jt* ** 1  
** ** j  
Operator's children 
Boys {ages: ) ** ** 1  
Girls (ages: ) ** ** s i  
Other family members •it* ** 
** ** t 
Hired day labor (give rate per c lay) 
\ { i  t 
Hired monthly labor (give rate per mo. ) t t 
t 1  t 
1 
i  
i 
: t i  
Total i  * *  
: 
.. ..^^—..—1 • 
** 
i  1 
I 
j 
** ** 
j  
1 
X/ Base on 10-hour days 
2/ Convert from days to months, where necessary. 
Need not "be done in the field. 
How much was paid to. family labor? 
Approximately what per cent of the total farm labor was used: 
for crops? $ for livestock? $ 
How many days in 195^ did the operator work on the farm: 
12 to 16 hrs. per day ^days 
n a (I If ff ft 

l/ Base on lO-hour days 
^ Convert from days to months, where necessary. 
Need not be done In the field. 
How much was paid to. family labor? 
Approximately what per cent of the total farm labor was used: 
for crops? 'fa for livestoclc? 'fa 
How mai^ days in 195^ did the operator work on the farm: 
12 to 16 hrs, per day ^days 
12 8 to 
6 to 
4 to 
2 to 
1 to 
zero (include vacations, illness 
and non-work days) 
What housing, if any, was fUrnished for hired labor? 
V, EEAL ESTATE 
195^ Calendar Year 
i Sale Value ($) 
Item j I Share to; 
: Total ; Tenant sLand-
I 5lord 
1 i i 
All land S c  buildings (incl, operator's house) j  |  |  
Land only |  i  j  
House (added val u e  t o  t h e  f a r m )  j  j  j  
A d d e d  v a l u e  o f  a l l  o t h e r  f a r m  b u i l d i n g s  j  1  j  
What was the value of land and building sales during 195^? 
What was the value of land and building -purchases during 195'*-? 

5 
Farm No., 
VI. APEROXIMATE FARM BUILDING CAPACITY 
195^ Calendar Year 
Building 
t 
Length { Width 
(feet) i (feet) 
Height 
to Eaves 
(feet) 
Volume 
(cu. ft.)j 
Bam 1 
i t 
i 
" 2 '  t 
" 3 1 
Hok house 1 t 
" II 2 1 1 
Cattle shed 1 {  
i 
" " 2 T 
Granary 1 i 
2 1 
Com crib 1 j j 
" " p : 
Machine shed 
Chicken house 1 
Brooder house ,1 s 1 
II II 2 
Milk house 1 
Other farm buildings: 
t 
t 
I 
i 
J 
t 
Total ** ** ** 
• 1 
M 
W o 
Ntmber of a Ingle-sow farrowing houses. 
Number of double-sow farrowing houses 
Vn . MACHIHERY AND EQUIPMEMP USED ON THE FAEM 
(EXCLUDING CUSTOM MACHINE WORK) 
195^ Calendar Year 

Nvaaber of single-sov farrowing houses. 
Number of double-sow farrowing houses. 
vn. MACHINERY AND EQUIPMEOT USED ON THE FARM 
(EXCLUDING CUSTOM MACHINE WORK) 
195'*' Calendar Tear 
• 
Item 
u 
Age 
rears) 
Beg.o: 
No. 
P yr.(Ja 
Mkt. 
Value 
($)1/ 
n.l,195»^) 
Replace­
ment 
Value if 
New ($) 
Was this 
Kach.Sold 
or Traded 
before 
Yr's Oper.' 
Resource 
Service 
Input 
($) 
Tractor 1 (size: -plow) 
" 2 (size: -plow) 1 
" 3 (size: -plow) i 
Pick-uT> truck (Model; ) 1 t 
Dther trucks (Model: ) t i 
(Model: ) t \ 
3^r (Model: ) 
(Fara share: <j») 
• " "1' — 
{ 
t 
i 
Planting equipment ** i 
Pillage eauiment t 
i 
:!omblne i 
Binder t 
3om "Dicker 1 
ialer X 5 
rield choDner 1 ( t 
'faffons and trailers •IHf ** 1 1 
)ther harvesting equipment ** ** 
i 
i 
("eed grinder i 
jivestock equl-pment ** ** i 
\11 other machinery and equipment ** ** : 
i 
Total ** ** 1 
t 
i 
1/ Value if sold at public auction. 
Were all of these machines supplied by the operator? 
What was the value of all machlneryJ jurchaood ^  ; sold or traded 

Jam Wo. 
VIII. PAlM EXPENSES 
193^ Calendar Year 
\ 
Item 
1  i  Total 1 
Value($) 
1/ 
Amt.($) Paid by 
Unit Quantity Ten­
ant 
Land­
lord 
Fertilizer ( a n a l Y s l a :  -  -  )  tons 
" (analvsiB; — ) tons 
" - - ) tons 
tons 
Insecticides and seed treatment ** 
Commercial spraying ** 
Purchased seed lbs. 
Tractors, trucks, and engines: 
Rasoline, oil, and grease ** ** 
distillate ** ** 
repairs, overhauls, tires ** ** 
licenses and insurance ** ** 
Farm share of car expense (share; %) ** ** 
Small tools and supplies for machinery ** ** 
Building repairs: 2/ 
materials ** ** 
hired lahor and special expenses ** ** 1  
Fencing repairs ** ** 1  
Purchased feed: 
dairy feed lbs. 
1  .  
: 
t  
heef feed lbs. 
hog feed lbs. J  
laying mash lbs. i 
chick mash lbs. 
other mixed feed lbs. i  
cottonseed meal lbs. 1  
linseed meal lbs. t  {  
soybean meal lbs. i ? <  i  
tankage lbs. 1  1  1 1 I  . . .  
other T)rotein lbs. 1  •  
minerals and salt ibs. i  !  
!  1  
oyster shells and grit lbs. i I 
lbs. :  i  i  I  
Veterinary, medicine, etc. ** ** 1  i  1  1  

maoa 
chick mash 
jJLOO • 
Xbs. •-? 1 1 f 
other mixed feed ilbs. 1 1 
cottonseed meal jibs. i 
linseed meal kbs. 1 
soybean meal abs. 
tankacce lbs. 
other Tsrotein lbs. t ] 
minerals and salt ibs. T 
oyster shells and grit Ilbs. I 
ilbs. 1 
Veterinary, medicine, etc. { «« i 
Breeding fees 1 ** «« 1 
Begistration fees ! ** 
Dairy supplies ** ** 
Beef supplies ** ** 
Hog supplies i *• •»« 
Poultry supplies I «* ** 
1 *« «« 
Livestock conmiissions and transportation { «* *# 
Hauling { «* 
Electric bill (farm share) 1 ** 
Telephone bill (farm share) 1 «« ** 
Insurance prauiuma paid: 
personal property 1 ** 
buildinKB 2/ j ** ** 
Property taxes: 
personal j ** ** i 
real estate 2/ 1 ** 1 ** T 
Interest naid 1 ** ** ** 
Cash rent "paid out 1 ** ** 
I 
t 
1 
( T 
Machine depreciation " ]lt¥ «* f 1 
"Building depreciation «« •** I 1 
Cash labor paid 1 ** : 1 T 1 S 1 
1 ** ** j ] 
Total 1 «« 
< 
«« 
T 
j 
^ If a rented farm, get the total of both the tenant and landlord shares. 
g/ If a rented fam, have the operator estimate the farm real estate taxes and 
building expense paid by the landlord. 
What waa the net change in; purchased feed Inventory + $ or - $ 
fertilizer inventory + 4——^ or " 4 

Farm No. 
H. MISCELLAMEOUS RECEIETS 
195^ Calendar Year 
Value (i) 
Item 1  Share to: 
Total jTenant 
1  
Land­
lord 
TemTJorary labor off the fam (oper. only) ( days) 1  i  
( days) • • ' j . - — • -J 
Tractor work for others ( days) i  
Other machine work ( days) 
( days) j 
Benefit uaments 1  
Befunds (sas tax. etc.) 1  
Feed sacks 
Insurance payments received < 
i  
Cash or share rent for land or pasture 
Cash rent for e<^ipaent, stock, etc. { j  
Other miscellaneous income: 1  
1  
Total 
1  
X. FINANCIAL INFORMATION 
IS^k Calendar Year 
Value of O-perator's Aesete (not Including housdiold) 
Off-farm property (real estate, stocks, etc.) 
Bonds 
Cash (loan) value of life Insurance « . . 
Annuities or other retirement plans $. 
Cash (on hand or in bank) $, 
Total i 

VCfcPii ACi*v AVA ^ 9 p wwAfcy WW » I ; 
Other mlecellaneoue Income; I [ 
Total I = 
X. FINANCIAL INFORMATION 
Calendar Year 
Value of Onerator'e Assets (not Including housdiold) 
Off-farm property (real estate, stocks, etc.) 
Bonds •$ 
Cash (loan) value of life Insurance 
Annuities or other retirement plans $ 
Cash (on hand or in bank) . . $ 
Total 4 
Value of Operator's Liabilities 
Beal estate mortgages $ 
Chattel or other mortgages ....... $ 
Notes $ 
Corn storage loans .....$ 
Unpaid bills (hospital, store, etc.) $ 
Other $. 
Total $ 
What was the income from the operator's off-fam investmeits? $_ 
What vas the value of all other off-fam income received 
by the operator? 

V - • ' ». 
3_>>3 
IMD AiC) viJSini.NGS I:.,;:;; 
Tama-'MusCB/bine Soil Gtudy 
Sketch the area segment and the location of the ti''acts and residences it contairi^ 
Operator's Oper­
ator 
Lives 
Here* Over* 
HeadQuartei.''a_St8jia9_ 
Younger 
Partner 
Lives 
Here^  
N Pt. 
of W 
Tract 
Eligi- Appoint-
ment for: 
later-
View 
CoEa-
plet'ci 
a,—«^ii Ilia iiwiili.Mi.^^ 
Check, if so 
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k .v.t 
rttid J ilj-; nv 
5al fr'.S 
iion^  -j-u^ d 
misc.. 1,^  rc-cciip 
Tc-oal (ioj. : 
Ferd 
grain and roughage 
parcharsed suppieMjcnts 
Total 
Livestock Lab'^ r Ino.ut 
Liveatook Gaoit'^l Servicg^ 
begijiniag inventory 
stoyk pur<:he.ses 
breeding ;;tock dep. 
1.3e equlj., scrvicG!? 
rr.i53f:o 1,b, expense 
straw for bedding 
Totsi 
del 
dol 0 
a-^'S 
aq-fl:. 
GOi-; 
iJ 
itiisc er:'( "ilijt.s 
), 
^rpp Labor XnT;i.:t 
c3ep • und rs^air': 
rrJ. 3 c ^ r.a c h .•»i r-? 5 e i- v i c.; a 
th ^ ? I o t- ul X 
5 - Fei'tillzgt JiUi._.y.-lEe.„Ir-Jili?; 
6:. Capltii^ l .Sa;:'>£A(-0.g,a 
ho",e-grov.il ae:-;d 
TT.if^ , orco irxpei'isc 
Tel. si 
'7 „ , 
'3.. 
del 
c; n,t 
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APPENDIX B. COMPOSITION OF THE INPUT AND OUTPUT 
AGGREGATES USED IN THE TAMA-MUSCATINE 
INCOME FUNCTIONS 
126 
COMPOSITION OF THE INPUT AW OUTPUT AGGREGATES 
USED IN THE TAMA-MUSCATINE INCOME FUNCTIONS 
In deriving the income functions for the Tama-Muscatine 
soil association farms, it was necessary to group certain in­
puts and outputs. This appendix describes and appraises the 
ways in which these items were aggregated together. 
Crop Function 
Crop income was considered to be a function of five in­
put aggregates; (1) cropland inputs, (2) labor inputs, (3) 
crop machinery services, (4) fertilizer and lime inputs, and 
(5) crop capital services. 
Crop income 
Included as crop income were the values of the various 
crops produced in 1954 plus several miscellaneous fairo re­
ceipts . 
To compute the values of grain corn, oats, and soybeans, 
the quantities of these crops (in bushels) were multiplied by 
their respective average prices in Iowa during 1954. These 
prices were as follows: corn, Si.42; oats, .15.74; and soy­
beans, ^ 3.01. Other crops that were incorporated into the 
127 
crop income aggregate included hay, silage, fodder, gleanings, 
straw, rotation pasture (rental value), canning crops, and 
seed crops. These crops were entered at the dollar vplues 
given by the farmers who were interviewed. "Standard" prices 
were not used either because no market prices had been well 
established (as with fodder) or because quality varied notice­
ably from farm to farm (as with hay). Where the respondents 
had failed to estimate the dollar values of the crops they 
produced, values were imputed by using either assumed market 
prices or average prices given by the other farmers who had 
been surveyed. 
The values of some kinds of crop production - home garden 
and orchard products, timber from farm woodlots, and permanent 
pasture - were excluded from the crop output group. The 
effort devoted to the production of home fruits and vegetables 
is likely to be considered by farmers as "extra" and according­
ly forgotten when estimates of farm labor and money expendi­
tures are being made- Inclusion of these products with crop 
output would be likely to introduce an upward bias into the 
crop income function. Farm woodlots and permanent pastures 
are usually located on land that is less productive than that 
used for other crops. Aggregation of these last two crops 
v;ith the others would introduce a downward bias into the in­
come function. 
Several miscellaneous sources of farm receipts were aggre­
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gated with crop Income. Wages received by farm operators for 
temporary off-farm work, such as county committee work, were 
Included because the time and travel expense devoted to this 
usually were recorded as Inputs. Custom machine work per­
formed by the farm operators was also included as crop In­
come since it v;as difficult to divide machinery expenses be­
tween those resulting from machine use "on the farm" and 
those resulting from machine use "off the farm". Government 
payments for conservation practices were aggregated with crop 
Income because it might be argued that soil-conserving prac­
tices had been substituted for cash crop income. Gas tax re­
funds and co-op dividends were also considered to be crop 
income. If one were to repeat the derivation of these func­
tions, it v/ould perhaps be more logical to deduct these latter 
two sources of income from the corresponding expense items. 
However, in the case of co-op dividends, at least, It would 
be difficult to ascertain the expense items from which the 
refunds should be deducted. 
Cropland inputs 
The land input, measured in acres, was considered to be 
land in the regular rotation on which a crop had been produced 
in 19£;4. Included were acreages devoted to grain, hay, silage, 
rotation pasture, canning crops, and seed crops. The cropland 
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input category did not include permanent pasture, farm wood-
lots, home gardens and orchards, land used for farm buildings 
and roads, idle cropland and wasteland, and land on which 
crops had been destroyed by such events as hailstorms and floods. 
Crop labor inputs 
The crop labor input was the estimated productive man 
work units (10-hour days) required. The estimated labor re­
quirements for any one farm were computed by multiplying the 
assumed "per acre" requirements for each specific crop by the 
number of acres of that crop and then totaling the results 
for all the crops. Added to the labor requirements for crop 
production was the estimated number of 10-hour days spent 
working temporarily off the farm, so long as the income from 
this off-farm work had been included in the crop income aggre­
gate. 
The assumed labor requirements were derived from sources 
external to the survey itself. The results of several labor 
studies in Iowa and in states near lovja were drawn upon. In 
additiona, estimated labor requirements were budgeted directly 
for some crops. Where these studies gave conflicting results, 
extension personnel were consulted for their ideas as to the 
requirements that would be most appropriate. The labor re­
quirements that were assumed for the various crops f?re shown 
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In Table 19. 
Computation of labor requirements as a function of the 
number of acres disallows the use of more than one combination 
of land and labor at any given output level. Taken to the ex­
treme, land and labor Inputs would be perfectly correlated 
Table 19. Assumed annual labor requirements 
for crop production 
lO-hour days 
Crop per acre 
Grain corn: 
130 acres or less .95 
131-239 acres .85 
240 acres or more .65 
Soybeans: 
130 acres or less .85 
131-239 acres .75 
240 acres or more .55 
Oats, barley, rye, v/heat .50 
Hay: 
Alfalfa .90 
Other tame hay .61 
Pasture .02 
Silage 1.40 
Timothy for seed .60 
Clover for seed .50 
Oat straw .30 
Canning crops (excluding harvest) .80 
when only one crop is produced. Slrnilrrly, the estimates of 
labor requirements nre oriented to the use of specific sets 
of machinery. This ignores the possibility that machinery 
and labor may be substituted for each other to some extent 
in actual crop production. 
The original intention had been to use the actual labor 
reported by the farmers interviewed as the estimator of crop 
Ifbor inputs. However, the elasticities of production resulted 
for labor by using this measure were not large enough to be 
significant and sometimes xvere even negative. When the farmers 
were interviewed, the enumerators attempted to record only the 
time actually spent in productive farm work. Work done by 
members of the operators' families was converted to the time 
It would have taken iiired men to do the same work. However, 
It may be that labor reported on small farms does not repre­
sent as highly Intensive work as the same amount of time on 
larger farms. If this were true, the productivity of added 
increments of labor v/ould tend to be underestimated. Because 
of this probable lack of homogeneity in recorded labor Inputs, 
it was decided that the external estimates of labor require­
ments might be more appropriate estimators of the work actual­
ly done on the farms. 
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Crop machine services 
The vnlue of crop machine services Included charges for 
equipment depreciation and rnaintenance, ns well as current 
expenses for operntlne; equipment used in crop production. 
Annual depreciation and maintenance charges. Kach equip­
ment Item was charged a specified per cent of its replacement 
value for annual depreciation and maintenance. The rates used 
were derived from the results of an Iowa study of the compo­
nents of machinery expense.^ These rates rre shown In Table 
20. The assumed machinery replacement costs were those esti­
mated by the farm operators who were interviewed. Survey 
enumerators received the impression that the farmers were not 
well acquainted with the costs of replacing many of the 
equipment items they used. A more accurate procedure might 
have been to obtain from the respondents detailed descriptions 
of the equipment used and then vBlue these at prevailing re­
tail prices. These prices could be supplied by equipment 
dealers. 
A maintenance charge was made to account for repair costs 
that could normally be expected to occur. The actual expense 
paid by farmers for machinery repairs could have been used in-
^Earl 0. Heady, John A. Hopkins, and E. G. McKlbben. 
Cost, distribution and utilization of farm machinery in Iowa. 
Iowa Agr. Exp. Sta. Res. Bui. 323. 1943. pp. 101-103. 
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Table 20. Rates used for computing farm equipment 
depreciation and maintenance charges 
Service charge 
Item { %  o f  replacement value) 
Tractors 9.0 
Pickup trucks 10.0 
Other trucks 8.7 
Cars 8.0 
Combines 11.0 
Corn pickers: 2-row 9.4 
1-row 8.8 
Binders 5.4 
Hay balers 12.5 
Field choppers 9.4 
Ensilage cutters 7.3 
Wagons and trailers 5.9 
Grain elevators 6.2 
Tractor mowers 6.2 
Side delivery rakes 5.7 
Grain drills 3.8 
Feed grinders 14.0 
Corn shellers 6.1 
Manure spreaders 5.0 
Milking machines 12.0 
All other equipment 6.0 
stead. However, it would have been difficult to distinguish 
between the amounts spent to keep machinery in operating con­
dition and the amounts spent to improve the equipment over its 
original condition. 
It was not always possible to allocate machinery costs 
appropriately between the crop and livestock enterprises. Car 
and truck charges on each farm were divided between crops and 
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livestock according to the percentage of the total lebor used 
in each of these two enterprise groups. This, in essence, 
assumed that vehicle use and farm labor v^ere complementary. 
Since it could be argued that rel?5tlvely little tractor work 
iB ordinarily used in livestock production, the depreciation 
and maintenance charges for tractors v;ere allocated entirely 
to crops. Manure loaders and spreaders were charged to crops. 
Here again it may have been mre accurate to charge some of 
the use of manure loaders to livestock. 
It will be noted thst annual service charges, rather 
than total machinery investment, were used in the crop income 
function. If total investment values had been introduced, the 
charges for the use of longer-lived equipment would h?ve been 
disportionately high relative to those for equipment thpt 
wearB out quickly, 
OperatinK expenses. Also included in the crop machine 
services group were the costs of the gasoline, oil, and grease 
used for truck and tractor operation. In addition, a portion 
of c&r operating expenses (as determined by the percentage of 
labor used for crops) was allocated to crops. I'his car ex­
pense included charges for gasoline, lubricants, registra­
tion, and insurance. 
Other machine service charges. Several miscellaneous 
expense items were aggregated with the crop machine services 
group. These Included (1) field machine work hired by the 
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farm operators, (2) hauling expenses, and (3) purohsses of 
Binall tools ond machinery supplies (mostly "bf^llng tvdne). 
It might bo argued that the values of email tools should have 
heen depreciated out over periods of aevernl years. However, 
the lengths of life of these items are rather indeterminant• 
Consequently, it did not seem unreasonable to assume thst pur­
chases of small tools each year were just enough to compensate 
for the annual wear and tear which occurred. 
Fertilizer and lime inputs 
The values of fertilizer and lime applied in 1954 were 
those estimated by the farmers interviewed. It would have 
been more accurate, perhaps, to record the composition and 
physical quantities of the fertilizers thnt were applied 
during the year, and then use retail prices to compute a 
total dollar value. However, some fermers did not lino\'< enough 
atout the materials they used to supply adequate information 
of this sort. 
Crop capital services 
The remaining crop expenses were aggregated together to 
form the crop capital services group. Included were the 
costs for (1) seed, both homegrown and purchased; (2) insecti-
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oldea and weed sprays used; and (3) the crop portion of the 
farm share of electricity and telephone services. With the 
exception of homegrown seed, the values used were those esti­
mated directly by farmers in the sample. Market prices were 
used to determine the values of homegrown seed. As with 
vehicle expenses, telephone and electricity chrrges were 
allocated between crops and livestock according to the divi­
sion of labor between these two enterprise groups. 
Livestock Function 
Livestock income was estimated as a function of four 
input groups: (1) feed inputs, (2) livestock labor inputs, 
(3) building inputs, and (4) livestock capital services. 
Livestock income 
The values of the following items were aggregated to­
gether to form livestock output; (1) non-breeding stock on 
hand at the end of the calendar year, (2) non-breeding stock 
sold or used in the household, (3) livestock products sold 
or used in the household, and (4) miscellaneous livestock 
income (mostly payments for feed sacks returned to dealers). 
"Non-breeding" stock were considered to be those animals 
which ordinarily are not kept for more than one or two years. 
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These consisted of (1)' all hogs. Including sows and boars; (2) 
feeder cattle; (3) young dairy and beef stock; (4) lambs; 
and (5) all poultry. Sales and ending inventories of milk 
cows, beef cows, bulls, and sheep were not included because 
their values were the accumulation of inputs from several 
years. Horses and ponies were not included in the livestock 
output group. 
The values used as measures of livestock production were 
supplied directly by the farmers in the sample, rather than 
being computed from physical quantities and uniform market 
prices. This procedure was followed so that livestock in­
comes would reflect variations in the weights end quality 
of the livestock sold and on hand. 
Feed inputs 
The feed input group consisted of the values of homegrown 
grains and roughages that were fed during the year, plus the 
values of supplementary feeds purchased by the farm operators. 
Homegrown feeds were valued the same way thrt they were in the 
computation of crop income; grains were valued at "standard" 
prices; forsges were taken et values given directly by farmers. 
Purchased feeds were valued according to estimates given by 
the farmers interviewed. Perhaps it would have been more 
accurate to apply "standard" prices to the different kinds 
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of supplements purchased. However, many of the farmers who 
were Interviewed knew little about the composition of the 
supplements they purchased. 
Livestock labor inputs 
As with crop labor Inputs, estimated Ifbor requirements 
derived from other studies were used as indicators of the 
labor used for livestock production. Each unit of livestock 
was assumed to require a specific number of days of work dur­
ing the year. As a result, the total livestock l^bor input 
became a function of the number of livestock carried during 
the year. This disallowed the possibility of producing a 
given livestock output with more than one combination of 
livestock and labor inputs. The assumed labor requirements 
that were used are shown in Table 21-
Livestock building inputs 
The livestock building inputs for each farm were con­
sidered to be the total floor space (in square feet) of the 
barns and sheds used on that farm. Some of the buildings, 
such as machine sheds, tool sheds, and garages, might more 
correctly have been allocated to crop enterprises. Hoivever, 
because some buildings were used for both livestock and crops 
139 
Table 21. Assumed annual labor requirements for 
livestock production 
10-hour days 
Kind of livestock per head 
Spring and fell pii::8 (to market v.-eight) .5 
Sov/B and boars 2<0 
Feeder pi^iB (to market weight) .3 
Feeder cattle 3.0 
Feeder calves 2.0 
Young dairy and beef stock 2.0 
Beef cows 3.0 
Dairy cows; less than 10 hesd 17.0 
10-20 head 12.5 
more thnn £0 head 9.5 
Bulls 3.0 
Lambs .3 
Ewes and rams .5 
Horses 5.0 
Hens .21 
Cockerels and pullets (6 raontha) .05 
Broilers (2 1/2 months) .01 
Turkeys .13 
production it would have been difficult to divide building 
space between these two enterprise groups appropriately. 
This estimator of building inputs makes no allowance 
for differences in the "productivities" of buildings. One 
might expect livestock production to be greater when the 
animals are kept in a water-tight, well insulated brrn than 
when kept in a leaky old shed, even though the buildings may 
both be the same size. 
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Variations in the quality of building construction may be 
taken into account by estimating the values of the buildings 
used on the fprra. Such estimp.tes could be obtained directly 
from the formers in the sample. Hovjever, results of the sur­
vey in the Tsma-Muscatine area suggested that farmers often­
times did not know how much their buildings were currently 
worth or how much it xvould cost to replace their buildings. 
Alternatively, it v;ould be possible to obtain descriptions of 
building size and construction from the farmers. Then, cor­
responding depreciation and repair charges, as estimated by 
agricultural engineering studies, could be introduced and the 
total annual service charge for the use of buildings imputed 
for each farm. 
Livestock capital services 
All other livestock capital services were aggregated to­
gether into a single input group. The components consisted 
of (1) beginning inventories and purchases of non-breeding 
stock; (2) annual depreciation charges for breeding stock; 
(3) depreciation, maintenance, and operation expenses for 
equipment used in livestock production; and (4) miscellaneous 
operating expenses associated with livestock production. 
The kinds of livestock considered to be "non-breeding" 
stock were the same as those included in the livestock output 
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group. 
Depreciation charges were made for livestock whose 
services usuelly extended over a period of several years. 
These included dairy cows, beef cows, bulls, ewes, end rains. 
For each kind of "breeding" stock, the difference between the 
estimated value at the tine of maturity and the estimated 
salvage value was evenly distributed over sn assumed number 
of years of productive life. The values used v/ere based on 
published price information as well as estimates made by 
management extension personnel. Table 22 shov/s the deriva­
tion of the depreciation charge for each kind of stock. 
Table 22. Computation of annual depreciation 
charge for breeding stock 
Milk Beef 
cows cows Bulls Sheep 
1. Assumed value per head 
at maturity 
2. Assumed salvage 
value per head 
3. Estimated amount of 
depreciation over 
entire productive 
lifetime (#l-.^ 2) 
4. Estimated years of 
productive life 
5. Estimated annual 
depreciation charge 
per head (#3 #4) 
$160 5? 140 S250 3^ 3 
$ 90 $100 $175 ^ 5 
$ 70 $ 40 $ 75 t Q 
11.50 $ 6.50 $ 15.00 $ 2.00 
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LlvestocF. equipment inputs, another component of the 
"livestock services" group* Included annunl depreolation and 
maintenance charges for feed grinders and tnlscell;?iieouo live­
stock equipment (mostly milking machines^ milk coolers, cream 
separators, and chick brooders). The livestock shares of (l) 
truck and car depreciation and repair charges and (£) car 
operating expenses were also aggregated with this subgroup. 
As v.ith crop machinery, the proportions of total car ?nd 
truck expenses allocated to livestock v;ere bpsed on the dis­
tribution of labor between the crop pnd livestock enterprises. 
The "miscellaneous" capitsl inputs included the amounts 
spent during the year for veterinary fees and medicines, 
breeding fees, livestock registration fees, livestock com­
missions and hauling services, electric and telephone serv­
ices (livestock share), and various livestock supplies. 
